Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



William Collins, Sons, & Co/s Educational Workr? 



COLLINS' ELEMENTARY AND ADVANCED SCIENCE SERIES, 

Adapted to the requirements of the Sotith Kensington 8yllabti8,for Students 
in Science and Art Classes^ and Higher and Middle Class Schools. 

ELEMENTARY SERIES. 

In Fcap. SvOffulli/ Illustrated, cloth lettered, price \s, each volume. 

Practical Plane ipfD SoLir '^'^hetry. By H. A^cisLs TsTington 

Science School, LQndob. . 

Machine CoNstRiJCtioN Aifb Brawhig. By E. Xomkutb. S^ol. I. 

Text, Vol. II. Platea, ' 

BviLPiNG Construction — Storx, Briclr.tiinl Slate "WorV. By R. S. 

BuRN,C.E. Vol. I. Tert, Vol. II. Plates, 
Building Construction- -TmilKjr and Iron Work. By R. S. Burn, 

C.E. VoL I. Text, Vol. II. Plains. 
Naval Architecture — Tiaylng OtL. By S. J P. Thearle, 

F.R.S.N. A.,. London. Vol. 1. Text. ^' Vol. II. Plates. 
Naval Architecture — Wood and Iron Shipbuilding. By S. J. P. 

Thbarlb. Vol. I Text. Vol. II. Plates. 
Pure Mathematics. By L. Sergeant, B.A. (Camb.). 
Theorbtijal Mechanics. 

Applied Meen^Tiics. By "W. Rossiter, F;R.A.S- 
AcousTics, liiGHT, AND Heat. By WijjilAM Lees, A.M. 
Magnetism and Electricity By Jx)k^ Ano«i.l, Manchester. 
Inorganic Chemistry By Dr. W. B. iwfeMSKEA'j. >\.R.A.S. 
OrganJw Chemistry. By W. Marshall WATtsi P.Scr. . 
Geolo.^y. By^V^ 6. Davis, LL.D., Derby. 
MiNEiAiAifGY. By J. H. Collins, F.G.S., Falmcmth. 
Animal l*itYSiQL0GY. By John Angell, MaiicheMer. 
ZooLoy. By M. Harbison, Newtonardfi. : J 
VegetaplEj Anatomy and Physiology; By P«ifes?ov isat t ur. 

SYSTBMATld. and ECONOMIC BOTANY,. jft^ ProfeisOi "J^LFOini. 

Principles of ^Iinino — Coal. By J. H. CoLLi>r*jJ;^.G.S. 

PiuNciPLEs OP Mining — Iron. By J.H. Colt iN^iV.O.S. ^ 

Navigaijon. By Henry Evers, LL.D.. Plymouth* 

Nautical Astronomy. ^^jjfer HpTjaV Ey^Rd, LkD. 

Steam and the Steam !^ifGi -^anid and Matine. By Dr. Evers. 

Stea^ ENGiNE—Lbcomi^-i^ '. H. Evers, LL.D. 

PjKYSiuAL Geography, ^y^ ' »'n fiACTtRit, E.R.G.S. 

Practical Chemistry. I ' * ^^ v Howardv London. 

Astronomy. By J. J. Pt^MMjR, Obsfein'atory, Durham. 

Manual of Qualitative CiiKMicAL Analysis. By F. Beilstein. 

Extra' Volumes. Post ^i-njiiyioUv, 
AiT,^: T> Mechanick.' Bj' Henry Evers, LL.1?. 
Magnetism and Electricity. Enlarged Edition. By J. Angell. 
Theoretical Mechanics. By J. T. Bottomley, Glasgow Univ. 
Inorganic Chemistry. Enlarged Edition. By Dr. Kemshead. 
Animal Physiology. Enlarged Edition. By Jqhn Angell. 
General Biology. 124 Illustrations. By T. C. MacGinley. 

AGRICULTURAySBMkJiAMItaMBaJlMilliiJi^yRIGUTSON. 



1. 

2. 
'3a 
3b 
4a 
4b 

0. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18a 
18b 
20. 
21. 
22a 
22b 
23. 
24. 
25. 
26. 



London, S2( 



■1 




brks, Glasgow. 



^ 



FIRST BOOK OF GEOLOGY. 



V. 



/' i 






u^ 



^ 



( 



V 



/ 



\ I 



CoUinia!' dSlmmitLV^ &tientt S>tvits* 



GEOLOGY. 



V 



^ 




LONDON ANJXGLASG< 

WILLIAM COLLIXC SONS, & 

18_75. 

[3[tl rights reserved,} 



OMPANY. 



PREFACR 



This little book has been written principally to supply 
the want of a cheap and yet reliable text-book, experi- 
enced by the numerous Science Glasses which have sprung 
into existence since Government has aided and encouraged 
the scientific education of the people. The plan of the 
book is original, but covers the syllabus drawn up by 
Professor Eamsay. 

To prevent misconception, I will say at once that this 
book has no pretensions to be a guide to any examina- 
tion, but is intended to introduce the really earnest 
student to the study of Gkology. Examinations, how- 
ever, are not to be ignored ; it is indisputable that they 
are important and indispensable aids to education ; but 
in my experience I find that a student who makes them 
the iiltimatimi of his study not only loses the true pleasure 
derived from an acquaintance with the secrets of nature 
and the accumulation of intellectual wealth, but he often 
acquires a secret distaste for the subject of his studies. 

The student is, therefore, earnestly recommended to 
study this little work on Geology in the true spirit of a 
philosopher ; let him study Geology as a geologist ; let 
him endeavour to see and handle as far as possible all 
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that which is merely described here, while at the same, 
time he makes himself master of the theoretical explana- 
tions, and submits himself to occasional exercises and 
tests — ^let him do this, and while he enjoys the intellec- 
tual satisfaction which the study of nature always gives, 
he will in the surest manner be preparing himself for 
any examination at which he may wish to present him- 
self! 

W. S.D. 

DsRBTy August 187& 
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; CHAPTER I. 

Objects 9F Geology—General Stbuotxtee of the Eabth— 

Bocks and Minerals. 

1. Directs of Geology.' — ^The objects of Geology are 
very wide. The Soience aims at a complete inyestiga- 
tion of the structure oT^tjbie earth, and attempts to explain 
how the different yarietied>Qf structure have been brought 
about. v^ 

The size, shape, and density^ <of the earth, and other 
questions with regard to its gen^eral structure, are par- 
ticulars which concern Astronomy as well as Geology, 
and are principally supplied by the former science. The 
present condition of the earth's surface, with its distribu- 
tion of land and water^ irregularities d( land surface, 
atmospheric phenomena, vegetable and animal life, 
together with many other similar topics^ are matters 
which, although they are of great importance to Geology, 
are specially studied as a distinct scienee with tibe 
title of Physiography or Physical Geography. This 
leayes Geology to grapple, not so much with the earth 
as a whole or with what clothes its surface, as with the 
constitution of the surface itself and what is beneath it. 

The earliest researches of Geology brought to light 
the important fact that the rocks composing the exterior 
^ Gr. ge, the earth; logos, an account of. 
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of the eariih are of different ages ; each age of the world 
being represented by its own series of rocks. But what 
lends such interest and importance to Gkology ia, that 
the history of the past ages of the world is imprinted 
on the rocks themselves. These imprints consist princi- 
pally of the remains of animals and plants which lived 
on the earth while the rocks were formings and were 
endosed in them^ and, becoming converted into stone, 
were permanently preserved, l^ese remains, which are 
well known as fossils, bear evidence of the condition of 
the earth's suiface at the time when the rock which 
encloses them was formed j they tell of land and water, 
simlight and air, and many other conditions necessary for 
animal and vegetable life ; they help to fttmish, in &ct^ 
an account of tibe Physical Geography of the age. 

It win be seen that^ ajs further acquaintance ia made 
with ilie science of Qeology, it ccmcema itself laigely 
with the past histosy of the earth, ajod this history is 
read ehiofly by means of the fosnla endoaed in the rocks 
which form its exterior. These records are, however^ 
unintelligiUe^ except by the aid derived from dose 
obs6rvatu>ii oS the present state of things cu the earth's 
sur&oa 

2. Geaeral Strnetnre of the Earth.— We learn from 
Astronomy that the earth ig a globe with a mean dia- 
meter of 7912*4 miles. Its shape is not truly spheri- 
cal, for it is somewhat flattened at two opposite points 
wldfih coKDcide with its pole% or terminations of its 
axis ef revolution. The polcur diameter ia 26| miles 
less than the ^fwU&rial diameter. 

The density or speeifio gravity of the earth as a wlicile 
has been ascertained to be about ff or 6, That is, the 
earth would weigh five or six times as much as an equal- 
sized ^obe of water, l%e rocks occurring at the suiface 
have only a specifio gravity of 2^ or 3, whidi leads to 
the eondusion that the interior of the earth consists of 
denser, or heavier materials than those which are found 
at the surface. Whether the density of the earth goes 
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Oil ind'edjalng to the centre or not^ is a question to wliich 
no posdtiye answer can yet be given. 

The exterior of the earth consists of a solid stmcture 
with an irregular surface, presenting a successive variety 
of mountains^ plaros, and valleys. The deepest depres- 
sions are filled with water, and these constitute the 
oceans. It will be easily understood that the relative 
amount of land and water depends on the capacity of 
the parts which are depressed and the total quantity of 
water. Were the surface of the earth everywhere a 
geographical plain, the water would entirely cover it to 
a uniform depth. Above both land and sea we have the 
atmosphere, an ocean of air, which extends upwards for 
many mUes and completely envelops the earth. 

3. Crust of the Earth. — ^In another chapter reasons 
will be given which lead geologists to think the 
earth was once in a state of fusion, and that having 
gradually cooled by the radiatioi^of its heat (the exterior 
more than the interior), a solid superficial layer was at 
length formed, and whiioh is spoken of as the " Crust of 
the BartL** We may, however, apart from any theory, 
conveniently speak of the crust of the earth as being ^ 
the solid exterior to which our direct observations are 
confined. 

4. Bocks and Miner^s. — The crust of the earth is 
made up of a variety of solid materials to which the 
general term roch is given. Not only are stony and 
compact rocks like sandstone, limestone, or granite, in* 
eluded imder.thia term, but soft and loose matter such 
as clay and sand. In short, all solid matter not imme- 
diately derived from animal or vegetable sources, but 
which occurs naturally in large masses, is caU^ rock by 
geologists. 

Some rocks, such as limestones, have the same com- 
position throughout. Others, when carefully examined, 
are seen to be made up of a mixture of crystals or small 
particles of different kind& The distinct substances 
composing rocks are called minerala. In granite three 
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• 

different minerals can be easily made out. These are 
quartZf fehpa/r^ and mica. The crystals of felspar are 
most conspicuous j they are opaque and have flat fei/ces. 
The mica occurs as thin scales, which readily cleave with 
the point of a knife into still thinner laminse.^ The 
quartz crystals are glassy-looking and more transparent 
-dian the felspar. 

The number of distinct minerals occurring in nature 
is very large, and their study is embraced by the science 
of Mineralogy. The roch-formiTig minerals are, however, 
comparatively few ; quartz, felspar, and mica are among 
these, and oilers will be described as occasion requires. 



CHAPTEE n. 

Stratified Rooks— Aqueoxts ORiam op Stratified Rook*— 
Description of the more common Aqueous Bocks — 
Metamorfhio Kocks. 

5. Stratified Rocks. — ^The great majority of rocks ap- 
pearing at the surface of the earth occur in regular 
beds, each bed preserving an almost uniform thickness 
over greater or less areas. Bocks of this class are called 
stratified. 2 They may be observed in almost every rail- 
way cutting, stone quarry, and sea-cliff; in mine shafts, 
foundations of buildings, and many other places where 
the surface or deeper rocks have been exposed. 

It will be found, on inspecting the rocks themselves, 
that the strata are sometimes horizontal and sometimes 
inclined. Occasionally they are curved and crumpled. 

The student should collect specimens of all the stra- 
tified rocks in his district, and closely study them, 

^ Lat. lamina^ a tbin plate ; pi. lamirue, 

^ Lat. stratum, spread or strewn out ; pi. strata. 
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Additioual characters belonging to this class of rocks 
may then be observed. In the first place, careful exami- 
nation will generally show that they are either dull and 
earthy-looking — sometimes consisting of finely-powdered 
matter, such as clay, or of fine-grained stone like shale — 
or they will consist of rounded particles or fragments, 
which may be loose, as sand and pebbles, or consolidated, 
as sandstone and conglomerate. Agaiu, the majority of 
stratified rocks are fossiliferous — ^that is to say, tiiey con- 
tain remains of animals and plants converted into stone. 
There are few neighbourhoods where fossils do not occur, 




Fig. 1.— StraUfled rocka as aeen in rAilway catiingi« stone quarries, 

sea-cliffs, eta 

and the search for them is not one of the least engaging 
parts of geological study. 

6. Aqueous Origin of Stratified Rocks. — ^The surface 
rocks of the land are continually being worn away by the 
action of rain, fipost, running water, and other natural 
agents. The wasted material is carried away by sti'eams 
and rivers into lakes or the sea, where it collects at the 
bottom, forming layers or beds. 

Searbreakers act destructively on the coasts, tearing 
away particles and fragments, and rolling them outwards 
into deeper water, where they accumulate, and form beds 
similar to those formed by the material brought down 
by rivers. 
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The mineral matter composing these beds consists of 
finely-ground particles in the form of mud or ci&j, or of 
grains of sand or pebbles. 

Animals living in the sea or lakes, when they die, 
fall to the bottom, and their remains become buried in 
the sediments which are forming. In some parts of the 
ocean, far away from the land, the only accumulations at 
the bottom consist of the hard parts of marine animals 
large and small. This also appHes to the neighbourhood 
of coral reefs, where there is nothing but animal struc- 
tures for the breakers to destroy. 

From what has already been stated of the characters 
of stratified rocks, we naturally come to the conclusion 
that they were formed by the various natural processes 
just enumerated. And, although these rocks now form 
dry land, and are occasionally inclined at all possible 
angles, and bent into all manner of curves, the convic- 
tion forces itself upon us, that wherever these rocks 
occur, there the sea, or possibly a lake, miust have ex- 
isted, and that the rocl^ themselves are nothing more 
than the accimiulations of waste material at the bottom 
of such sea or lake. 

It will be observed what an important part water plays 
in the production of stratified rocks ; water to waste and 
destroy ; water to transport ; and water to spread out and 
acciunulate. Hence, the term ctqueous,^ which is fre- 
quently applied to s^tified rocks, is very expressive. 

A more detailed account of the formation of aqueous 
rocks will be given in another chapter. 

7. Smnmary of the Characters of Aqneoas fiocks. — 
Aqueous rocks may be known by the following charao- 
ters: — 

1. By their being arranged in regular beds or strata. 

2. By their consisting of finely-powdered matter, such, 
as mud or clay ; or of waterwom particles or fragmentEf, 
such as sand or pebbles. 

3. By their often containing the remains of animals 

} Lai Ofua, water. 
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or planifl^ oalled fossilBj or hy their oonsisiing almost 
eutirelj of suoh remains. 

8. Description of the more common Aqneoos Bocks. — 
A description of the more oommon aqueous rocks will 
now be given. Their characters must be studied from 
actual specimens. 

The minority of aqueous rocks may be conyeniently 
grouped wider five heads according as they are of a 
fragmentary, sandy, dayey, limy, or carbonaceous nature. 
There are a few which will not come under either of 
these heads, as ironstone, rocknaalt, etc. 

1. Fbagmektabt Rocks. 

9. GraveL— ^Accumulations of small fragments, mostly 
waterwom and mixed with sand. 

10. Shingle or Pebbles.— Hard waterwom fragments. 
The smoothness is due to their having had their sharp 
edges and angles worn of^ by being roQed over and over 
in some stream or riyer, or by the advancing and 
retreating waves on a sea^beach. The process of pebble 
rounding may be watched, either in shallow brooks, or 
on a shingly beach. 

11. Conglomerate.^-'—Also called puddingstona A rock 
coniBsting of pebbles cemented together, the cementing 
material filling the interstices and rendering the whole 
compactb 

Tke manner in which strata of loose fragments or 
particles become consolidated into hard rock will be 
described in another ohapter. 

12. Breccia.^ — ^A rock consisting of angular fragments 
eomsolidated into hard stone. 

2. Abenaceous^ Bocks. 

13. Sand. — ^A good magnifying-glass i^ows sand to con< 
sist of minute rounded particles, miniature pebbles in 

^ Lat. glomerare, to gather into heaps. 
' Italian, a cmmb or fragment 
* I^t arena, sai|4« 
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fact. Grains of sand are rounded in a similar way io 
that in wMch pebbles are formed, that is, by the rubbing 
of the grains one against another as IJiey are moved 
onwards in brooks, or pushed backwards and forwards 
by the waves on a sea-beach. Grains of sand consist 
almost entirely of the mineral quartz, which is one of 
the hardest of the rock-forming minerals. It is only 
moderately-hard particles which can form sand; softer 
particles are quickly ground into mud. 

14. Sandstone is simply sand cemented together, or 
otherwise consolidated into hard stona The waterwom 
grains may frequently be seen by examination with a 
magnifying-glass, especially if a weathered surface is 
examined. Sandstones often show a tendency to split 
up into slabs parallel to the stratification. Bocks wMch 
split up in this way are c&iled Jlagstanes, and are fre- 
quently used for paving-stones and other purpose& 

15. Gritstone. — ^This term is restricted to varieties of 
sandstone in which the grains are large and somewhat 
angular. The more compact and durable kinds are used 
for millstones, grindstones, eta 

3. Abgillaceous^ Bocks. 

16. Mud is finely-powdered mineral matter, generally 
mixed with particles derived from vegetable and animal 
sources. It is the result of the waste of rocks by 
running water and other natural agents. Mud is the 
ultimate product of the action of ^ese agents on the 
softer rocks, and of ^iheir prolonged action on the harder 
(Hies. The particles being small, are carried in suspen- 
sion by running water, and deposited in spots where the 
water is quieter, as at the mouths of rivers. In this 
way accumulations of mud are formed, often unmixed 
with grosser partides. 

17. Clay resembles mud in the fineness of its par- 
ticles, but the particles adhere together, forming a tough 
material easily moulded by the fingers. Clay consists 

^ Lat. argiHa, clay. 
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essentially of a substance, the chemical naiiie of which 
is silicate of alumina. It may occur in a state of purity or 
be variously mixed with other substances. One import- 
ant fact about clay is, that it is impervious to water. If 
we have in any district a series of porous strata, such as 
sand or gravel beds, lying upon a bed of clay, the rain 
which soaks into the ground will sink through the looser 
strata until it reaches the clay, and not beiQg able to 
penetrate deeper will accumulate amongst the gravels. 

18. Shale is hardened mud or clay which splits up into 
thin plates or laminflB parallel to the stratification. Such 
a rock i« said to be laminated. 

19. Clay Slate. — Ordinary roofing slate is an example 
of this rock. It consists of clay which has been hardened 
and otherwise changed. It has a distinct cleavage, gene- 
rally so perfect that it readily splits into thin plates. 

The cleavage is independent of the stratification. It 
is rarely parallel to the bedding, generally crossing the 
strata at all angles. If a piece of slate be examin^, it 
will be found possible to continue the division until very 
thin scales are obtained. This peculiar structure is 
known as shiy cleavctge. It will be more fully considered 
in another chapter. 

20. Loam is a soft mixture of sand and day. The pre- 
sence of the sand renders it permeable to water. 

4. Calcabeous^ Hocks. 

21. This group includes limestones, chalk, and other 
rocks consisting wholly or mainly of carbonate of lime. 
When the purer kinds are burnt in a Idln, a gas called 
carbonic anhydride^ is given off, and quicklime remains. 
Carbonic anhydride is also evolved when a fragment of 
limestone or rock containing even a small amount of 
calcareous matter is treated with an acid. The escape of 
gas gives rise to efiervescence. Small fragments of the 
various calcareous rocks should be obtained and treated 

^ Lat. calx, ealcis, lime. 
' Commonly called carbonic acid. 

B 
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with hydrochloric acid All local specimens which are at 
all doubtful should be put to this test. Pure carbonate 
of lime is wholly dissolved by hydrochloric acid. 

22. Limestones. — ^These are consolidated rocks, of which 
there are many varieties. Fossils are usually abundant 
in them ; and some are visibly made up of fossiL shells 
and other hard parts of animals. Limestones frequently 
form good building stones. Portland and Bath stone 
are well-known examples. 

23. Chalk is a soft and very pure variety of limestone. 

24. Oolite^ or Roe Stone is a limestone made up of small 
round grairus, which gives it a structure resembling the 
roe of a fish. Pisolite or peagrit has a similar structure 
to oolite, but the grains are flat and as large as peas. 

25. Magnesian Limestone is a rock consisting of car- 
bonate of magnesia, as well as carbonate of lime. 

26. Dolomite^ is a variety of magnesian limestone more 
or less crystalline. The crystals are small and compact. 
Dolomite often forms a good and durable building stone. 
It was selected by a Boyal Commission as the material 
for the erection of thq present Houses of Parliament. 
The expectations of the Conmiissioners with regard to 
its durability have, however, scarcely been realised. 
The Piccadilly front of the Iloyal School of Mines is 
also constructed of dolomite. In this case the material 
was carefully selected, and stands well. 

27. Marl is calcareous clay. It breaks up into small 
square-like masses when dry. 

28. Gypsum may be included in this group, seeing that 
it contains lime. It does not, however, eflervesce with 
an acid^ for it consists of sulphate and not carbonate of 
lime. Alabaster is a finely crystalline variety of gypsum. 

5. Carbonaceous Bocks. 

29. Coal is a rock consisting almost entirely of (»rbon. 

* Gr. oon, egg ; lithoa, stone. 

' Fit)m Dolomim, a distinguished mineralogist. 
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It is vegetable matter which has Tindergone considerahlo 
physical and chemical changes. The facts which lead to 
this conclusion will be given when the origin of coal 
comes to be considered. The numerous varieties of coal 
may be grouped under the heads of lignitei Bituminous 
Coal, and Anthracite. 

30. Lignite, or Brown Coal, is a carbonaceous rock, 
generally of a dark colour, sometimes quite black. It 
ia usually softer and more brittle than ordinaiy coal, and 
frequently the structure of the plants from which it was 
derived iS; plainly seen. ^ 

31. Bituminous, or Common House CoaL — ^Tho colour, 
lustce, fracture, and other characters of this rock are well 
known. There are many varieties, the principal of which 
are : — 1. Caking Coaly which becomes pasty when burnt, 
so that the particles cake or stick together. 2. Splint 
or Ha/rd Coaly which is difficult to bimk, and does not 
easily take fire ; it is, however, a useful variety, especially 
as a steam or furnace coaL 3. Cherry or Soft Coaly a 
free burning coal which leaves but little ash. It has a 
resinous lustre and shaly fracture, and is easily broken 
and ignited. 4. Ca/rmd Coal varies much in appearance. 
It does not soil the fingers like other coals. It bums 
with a bright clear fiame like a candle, and is a valuable 
coal for gas-making. 

32. Anthracite is more compact and dense than ordinary 
coal , It has generally a shining and sometimes semi- 
metallic lustre, and.does not soil ti^e fingers. Anthracite 
bums without smoke or flame, and gives out an in- 
tense heat. About 90 per cent, of this rock is carbon, 
and 3 per cent, hydrogen, the remaining 7 per cent, 
conaisting of oxygen, nitrogen, and earthy Bubstaneea. 
Ordinary coal contains less carbon and more hydrogen 
than anthracite. 



33. Metamorphic Rocks. — Stratified rocks occur here 
^^and there which have undergone change of structure since 
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they were depoaited. Their atratiSed chantcter leavei 
no doubt of their sedimentary origia, but frequently 
all other traces of aqueous agency are oblitentad, and 
they become more or less cryst^line. Books of this 
nature are called metamorphie.^ The most important 
are: — 

34. Qoartz Rock, or Quartzlte. — A compact and granu- 
lar rock, conaiatiug of nearly pure quartz. The grains are 
distinctly rounded, but are agglutinated together as if by 
partial fusion. The evidence appears conclusive that the 
rock is an altered sandstone. 

36. Mica Schist.' — Arock consisting (^alternate hunince 
of mica and qoartz. The original texture of the roiik is 
quite obliterated. It readily splits into thin lanmue or 
scales of diffffreni mineral mailer. Such mode of division 
is called /oliafton,^ and rocks 'whloh so divide are called 
foUated or sehutoae, 

36. Gneiss consists of the same minerals of wMdi 
granite is composed, viz, quartz, felspar, and mica, Ite 
crystals are not, however, confusedly mixed as they are in 
granite, but lie more or lees parallel to each o&er, giving 
the rock a somewhat laminated or schistose structure. 



Oneiss varies very much in appearance. Bometimes tho 
laminsa are very distinct, and preserve their parallelism 

> Or. meta, change ; morpAe, fqnn, 

* Qr lehiitrui, a aplittjiig. 

• Iflt faliam, n leaf. 
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for great diflianoes. In other cases the laminfid are bent 
and folded, many folds occurring in the ^ace of a few 
inches. Occasionally all traces of lamination are absent^ 
and a hand specimen cannot'be distinguished from granite. 
In this case the rock can only be identified by observing 
it in situ?- Even then it is sometimes difficult to decide 
whether it should be regarded as gneiss, or considered to 
be granite; there being every gradation between the 
typical kinds of the two rocks. • 

37. Granite has already been described, and will be re- 
ferred to again in another place. Kecent observations 
seem to show that many granites are highly metamor- 
phosed sedimentary rocks, which have, in fact, passed 
a stage beyond the condition of gneiss, and have lost all 
traces of iJieir original lamination and stratification. 

38. Crystalline Limestone. — ^This rock, of which ordi- 
nary white marble is an example, has a finely crystaHine 
structure, and takes a fine polish. It may be white, 
with a uniform texture, as statuary marble, or be 
variously coloured and veined, when it constitutes many 
of the marbles used for ornamental purposes. 

39. Serpentine. — ^A compact amorphous^ rock, con- 
sisting chiefly of silicate of magnesia. Its colour is 
generally green, and sometimes it is variegated so as to 
resemble the markmgs on the skin of a serpent. It 
generally occurs associated with altered limestone. 



CHAPTER ni 

Igneous Boc^s. 

40. Igneous Bocks. — ^AU rocks which do not come 
under l£e definition of aqueous or metamorphic, show 

^ Lat. in its natural situation or place. 
* Or. 0, without ; morpTie^ ioTio, \ destitute of crystalline struo* 
ture. 
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signs of having once been in a state of fusion, and for 
this reason they are called igneoiLS^ rocks, liieyhave 
usually a crystalline structure, and generally occur in 
irregular masses^ destitute of stratification. 

41. Volcanic Rocks. — ^The lavas and ashes ejected by 
volcanoes are good examples of igneous rocks. These 
are distinguished as volcanic rocks. They present many 
appearances due to the fusion and subsequent cooling 
which they have undergone. Some are quite gla«jr in 
appearance, others have a wavy structure, like the slag 
which flows from iron furnaces, while many are full of 
cavities like a cinder. Pumice is an example of the 
latter. The vesicular^ structure is caused by the pre- 
sence of gases and watery vapour in the molten lava, 
and which, by their expanding and eflbrts to escape, blow 
out the pasty mass into bubbles, forming numerous small 
cavities or vesicles. A similar structure is seen in bread, 
the spongy texture being due to the generation of car- 
bonic anhydride by the fermenting action of the yeast. 
Stratified rocks never have a vesicular structure. 

Lavas are frequently crystalline in structure; the 
crystals having formed as the rock slowly cooled. 

42. Other Igneous Rocks. — ^Besides the products of 
modem volcanoes, other rocks are abundant in some 
districts, which show unmistakable signs of having once 
been in a state of fusion. Such rocks are plentiful in 
Scotland, Ciimberland, Wales, and other parts of Great 
Britain. Many of these were ancient lava streams and 
beds of ashes, formerly covered up and preserved, but 
since exposed. Others were masses of fused rock, forced 
up from below, but which never reached the surface. 
Basalt, greenstone, and granite ai*e examples. These, 
and many others of similar origin, are grouped along with 
volcanic products under the head of igneous rocks. 

43. Interstratified Lavas and Ashes. — ^Ancient lavas 
often occur interstratifled with aqueous rocks — ^that is 

^ Lat. igniSf fire. * Lat. veHcula, a little bladder. 
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to say, we often find a stratum of what was once molten 
lava with true aqueous strata above and below it. 
If we examine the strata in actual contax^t with the 
igneous rock above and below, we find in all cases that 
ti^e stratum upon which it rests has been altered as if by 
intense heat, while the stratum which covers it is in 
some cases similarly changed, but in others quite un- 
altered. 

When the stratum above the igneous rock is unaltered, 
we infer that the lava was the product of a submarine 
volcano ; the lava beiog poured out over the bottom of 
the sea, and affcerwards, when cool, buried by subsequent 
depositis. A lava bed of this kind is said to be contemn 
porcmeoiis — ^that is to say, its age is represented by the 
interval between the strata below and above it. A good 
example of ancient contemporaneous lava is the " toad- 
stone" associated with the limestone strata of Derby- 
shire. 

Beds of volcanic ashes are not unfrequently f oimd inter- 
bedded with aqueous rocks. They must have accumu- 
lated at the bottom of the sea, being derived either from 
submarine volcanoes, or from volcanoes on neighbouring 
coasts. Aqueous strata being afterwards deposited upon 
these beds, they become interstratified as we find them. 

44. Intrusive Igneous Rocks. — ligneous rocks com- 
monly cut more or less vertically through sedimentary 

a 



:r'"C,V-^ '■'■'. 






Fig. 3.— Intmsive igneous rocks, 
a Interstratified. 5 Dyke. e Veins. 

strata, as if they had originated deep in the earth, and 
had been forced upwards in a liquid state, filling, and 
consolidating in, any spaces, such as fractures, which may 
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exist. They are then said to bo intruBiTe. The mors 
vertical sheets, when exposed to view, are often wall- 
like in appear&noe, and ore called dykes} Igneous 
looks often form brajiching veins, pene'bating strata in 
all directions. 

When it happens, in the case of an interstratified igneous 
rock, that the strata both below and above it are altered, 
thea the igneous rock must have been forced in a molten 
state between the two strata ; or, in other word^ the lava 
is iatruslTe^ aod not contemporaneous. 



45. Two EindB of IntrnriTfl Rocks. — Intrusive igneous 
rocks are of two kinds — volcanic and granitio. The 
fanner resemble in composition end structure the lavas 
of recent volcanoes; but having consolidated without 
reaching the sur&ce, liiey are usually denser and more 
compact in structure than modem lavas. They are fre- 
quently t«nned trap^ rocks to distinguish them from 
recent volcauio products. Granitic rocks are such as 
resemble granite. They are completely crystalline, and 
seem to have consolidated very slowly, and under great 
pressure. They are never vesicular, nor are tiiey ever 

1 Scot a wall or fence. 

* Swed. iToppa, a. stair, from the step-like appearance wHch 
thea« rocks frequently give to the hills nhere they occur. 
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associated with ashes and fragments, such as accompany 
lavas. 

The occuirence of intrusive rocks is generally associated 
with a disturbed condition of the adjacent^ strata ; that 
is, the beds are bent, folded, broken, or otherwise thrown 
out of their original position. Also, where contact takes 
place between aqueous and igneous rocks, the former 
seem to have undergone considerable change ; they have 
become baked, as it were, and in some cases have suf- 
fered partial fusion, thereby becoming hard and crystal- 
line. They have been, to use the technical term, meta- 
morphosed. 

46. Summary of the Chsgracters of Igneous Rocks. — 
Igneous rocks may be known by the following char- 
acters It— 

1. By their occurring in irregular masses, penetrating 

stratified rocks as dykes, veins, etc. 

2. By their often having a glassy and wavy structure, 

like slags from metal furnaces. Many lavas have 
this structure. 

3. By their often being full of cavities (vesicular), as 

in the case of pumice. 

4. By their having crystals scattered through them, 

or by their being completely crystalline. 

47. Description of the more Common Igneous Rocks. — 
It will now be necessary for the student to study the 
characters of the more important igneous rocks. The 
descriptions which are here given must be carefully fol- 
lowed with specimens at hand. 

1. Volcanic Rocks. 

48b Volcanic Ashes. — ^The boiling up of molten lava in 
the crater of a volcano gives rise to large quantities of 
dust and fragments, which are called volcanic ashes, 
BCorisB, or tuft The ashes consist principally of the* 
broken films of innumerable bubbles, which are formed 
by the rapid escape of gas from the liquid lava. The 
ashes are carried upwards by the current of vapours 
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and gaseS; and at length fall around the crater. The 
lighter portions may be carried many miles by the wind. 
Volcanic moiintains consist mainly of accumulations of 
fragments and ashes, which have been ejected by the 
volcanoes themselves, bound together and strengthened 
by consolidated lava streams. 

Volcanic ashes may remain in a loose, pulverulent con- 
dition, or. become consolidated into stone, either by mere 
pressure of further accumulations, or by being mixed with 
water, which converts the ashes into mud ; and this often 
sets, on drying, like mortar or cement. In the excava- 
tions made at Pompeii and Herculaneum, a soft kind 
of stone has to be cut through, consisting of the con- 
solidated ashes which overwhelmed these unfortunate 
cities. The volcanic ash which fell upon Herci^aneum 
was mixed with water, which has rendered it much 
harder than that which is met with at PompeiL 

49. Trachyte is a lava consisting principally of the 
mineral felspar. It is usually light coloured, and feels 
rough and prickly to the finger. There are many 
varieties. Trachyte is generally abundant in vol- 
canic districts, but is one of the rarest of British 
rocks. 

50. Obsidian, or Volcanic Glass, is a variety of trachyte, 
which has the appearance of coarse bottle-glasa It is, 
in fact, a natural glass, having a similar composition, 
to that produced in a glass furnace. 

51. Fomice is a light and porous variety of trachyte. 
It is really the froth of lava. The origin of the vesi- 
cular structure which pumice has, in common with some 
other lavas, has already been described (41). 

52. Dolerite. — -A lava consisting of felspar, together 
with a large proportion of the mineral called augite. 
This mineral has a black or greenish-black colour, and 
occurs in dolerite either as distinct crystals, or as angu- 
lar and roundish grains. Dolerite is always heavier, and 
generally of a darker colour, than trachyte. 

53. Basalt is a hard, compact^ and dark-coloured 
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rock, y/iiii a conchoidal ' fracture. It is similar in com- 
position to dolerite, but differs from it in being amor- 
phous. 

Basalt often occat^ in columns, more or less hexagonal 
in section. The columnar structure of the basaltic rocks 
ofthoGiant'aCiiuaowayandFiugal'aCaYeare well known. 



This columnar structure is assumed by the laya ir 
slowly &om the liquid to the solid state. Starch 
a similar form on drying. If the Sakes of starch, 
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usually sold, are examined, tliej will be found to be radelj 
hexagonal in shape. 

54. Greenstone, or Diorite, is a compact rock, like 
hasalt^ but is distinctly crystalline. The preyailing 
mineral is horribl&ndey which resembles augite in colour 
and composition. The rest of the rock is made up of 
felspar,, which is easily distinguished from the horn- 
blende. 

2. Granitic Bocks. 

55. Granite frequently occurs as a true igneous rock, 
penetrating strata, and sending branching veins in all 
directions. Its mineral constitution has already been 
described (4.) Granite is easily distinguished from other 
rocks by its mottled appearance, and the ease with which 
its different crystals can be recognised. The crystals 
of felspar are sometimes large and conspicuous, when the 
rock is called porphyritic^ gromite. Much of the Dart- 
moor granite is of this character. 

The word porphyry (originally applied to an igneous 
rock of deep red colour) is employed to denote any rock 
which contains conspicuous crystals differing from the 
mineral matter in which they are embedded. 

Granite and granitic rocks occur abundantly in some 
parts of the British islands. They constitute the larger 
portion of the Grampians in Scotland, and the moun- 
tains of Cumberland, Devon, and ComwalL They occur 
in the Wicklow mountains in Ireland, and show them- 
selves in smaller bosses and veins in several other places. 

56. Syenite^ is a kind of granite, consisting essen- 
tiaUy of the minerals quartz, felspar, and hornblende. 
The felspar is generally red, and the hornblende of a 
dark-green colour. 



57. Summary. — ^In the three preceding chapters, a 
general account has been given of the structure of theearth, 

^ Gr. porphyreos, purple. 

« From Syene, a city m Upper Egypt, where this rock occurs. 



CLASSIFICATION OF AQUEOUS ROCKS. 21 

and the nature and constitution of the rocks which form 
its crust These rocks, we have seen, may be grouped into 
two great classes — aqueous and igneous — ^according as 
their origin chiefly resulted from the agency of water 
or heat. Sandstone, limestone, and shale are good ex- 
amples of aqueous rocks; and basalt, greenstone, and 
pumice, of igneous rocks. Metamorphic rocks form a 
subclass of aqueous rocks; gneiss and crystalline lime- 
stone are examples. 

We shall now devote a few chapters to a detailed 
account of the agencies concerned in the formation of 
aqueous rocks. 



CHAPTER IV. 

Classifioatiok of Aqueous Rocks accordino to Mode of 
, Origin — ^Disintegbatino Agents — Chemical Disinte- 
gration. 

58. Aqueous Bocks may be grouped into three classes 
according to their mode of origin, viz. — (1.) Mechomically 

formed rocks, those formed by purely mechanical means 
from the ruins of previously existing rocks, such as conglo- 
merate, sand, sandstone, clay, and shale ; (2.) OrganicaMy 
formed rocks, those consisting of accumulations of vege- 
table or animal remains, such as peat, coal, and many 
limestones ; (3.) CJiemicaUy formed rocks, those produced- 
by chemical means ; gypsum, rock-salt, and some lime- 
stones belong to this class. 

59. Agents concerned in producing Aqueous Bocks. — 
When a large building is in course of erection, the* stone 
and other material with which it is constructed have 
usually to be obtained from a distance ; thus employment 
is given to three classes of laboiu*ers — one to quarry and 
shape, another to convey to the required spot, and the 
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third to btdld. Three similar classes of agents operate ia 
nature, in the formation of all sedimentary rocks. We 
have agents of waste, which, by their action on the land, 
loosen particles and fragments, and so shape them that 
they are easily carried away by moying water or air ; 
agents of transportation, which remove these materials, 
and carry them to lakes or the sea ; and, finally, we have 
the agents of reconstruction, concerned in the sifting, 
spreading out, and consolidating of the transported mate- 
riaL 

60. Disintegrating Agents. — ^The natural agents by 
which the land is ^adually worn away are called disin- 
tegrating^ agents. They are also known as erosive^ agents. 
Their operations on the land tend to lower its surface, 
little by little. They also, by stripping off the upper 
rocks, expose those beneath. Hence they are called 
degrading^ or denuding^ agents. 

The land suffers waste both upon its surface and at its 
edge. The disintegrating agents acting on the surface 
are called atmospheric ; those acting on the edge, maHne, 

The following is an enumeration of the principal agents 
of erosion :— 

I. Atmospheric — (a) Chermcal — Water and carbonic 
acid ; (b) Mecha/nical--Snow, frost, glaciers, rain, running 
water in the various forms of springs, brooks, rivers, 
waterfalls, floods, &c. 

II. Mabine — Sea-breakers, tides, marine currents. 

Chemical Disintegration. 

61. Splvent Power of Water. — ^When rain falls on the 
land, part of it evaporates and returns to the clouds; 
anotiier portion percolates through the soil, to reappear 
as springs ; while a large portion, especially in hilly dis- 
tricts, flows over the surface, and at length unites with 

^ Lat. dis, asunder ; integer^ whole. 
' Lat. erosus, gnawed or worn away. 
' Lat. de, down ; gradus, a stage. 
* Lat. nudtts, naked. 
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the supply from springs, giving rise to the innumerablo 
brooks and rivers. Water, in flowing over the surface of 
rocks, or in percolating through them, dissolves whatever 
is soluble. Some rocks contain a considerable amoimt of 
soluble matter, and the water which flows from them is 
often highly charged with mineral matter. This is the 
origin of the various mineral springs. 

Common salt, gypsum, and a few other constituents of 
rocks, are dissolved by water alone ; but when water con- 
tains certain substances in solution, many constituents of 
rocks are acted on and dissolved which are altogether 
insoluble in pure water. 

62. Carbonic Acid. — ^It has already been stated that 
this gas is liberated when a fragment of limestone is 
treated with an acid (21). It is always present in small 
quantities in the air, and is being continually generated 
in the soil by the decomposition of vegetable and animal 
matter. It is soluble to some extent in water, and rain 
water absorbs it in falling through the air and soaking 
through the soil. The consequence is, that all natural 
waters contain more or less of this gas in solution. 

Carbonate of lime is insoluble in pure water ; but when 
water contains carbonic acid in solution, the latter con- 
verts the carbonate of lime into bicarbonate, which is 
soluble. This chemical principle operates in nature on a 
large scale, and all exposed limestone rocks are being 
slowly dissolved by the rain water which flows over them. 
Water, entering die crevices and loints, dissolves away 
the Bid^axxd^dens them. In maiy limestone district^ 
the continual widening of what were formerly mere joints 
has led to the formation of caverns, some of which ramify 
through the rocks to great distances, and in many cases 
streams still flow through them, and continue, though 
imperceptibly, to enlarge them. 

The water of springs and streams is generally hard, 
particularly in limestone districts. The hardness may be 
due either to the presence of bicarbonate of lime, or to 
that of sulphate of lime. In the former case, the hard- 
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ness is tempor<m/y for on boiling the water, the excess of 
carbonic acid is driven of^ and the lime is precipitated 
as carbonate. In the latter case, the hardness is per- 
mcment, because the sulphate of lime is not rendered 
insoluble by boiling the water. 

The disintegrating action of carbonic acid is not con- 
fined to pure limestones. All rocks containing calcareous 
matter are attacked hj it, and when, as it sometimes 
happens, a rock consists of particles cemented together 
by carbonate of lime, the solution of the cementing 
material liberates the particles, and the rock undergoes 
rapid waste. 

Many of the crystalline rocks, and granite among them, 
are attacked by carbonic acid. In the case of granite, it 
is the felspar which is acted on. This substance consists 
of silicate of alumina and silicate of potash (or soda). 
Carbonic acid in the presence of water decomposes the 
silicate of potash, forming carbonate of potash, which is 
dissolved and carried away by the water. It is easy to 
understand that any one constituent of granite being 
thus decomposed, the other constituents will be freed, 
and will be readily removed by running water. 



CHAPTER V. 

Mechakioal Disinteobation—Ioe— Landslips— • 

Running Watee. 

.63. Frost. — ^The expansion which water imdergoes in 
becoming ice has a powerful effect in the disintegration 
of rocks. When water which has entered into the joints 
and between the particles of rocks becomes frozen in 
winter, the blocks and particles are foreed apart. The 
displacement is not evident while the frost lasts, for the 
ice acts as a cement^ binding the particles together ; but 
when the thaw comes, the loosened pieces and particlea 
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of rock £edl asunder, and thus great waste is effected 
whenever frost occurs. 

The disintegration of rocks due to the action of rain, 
carbonic acid, and frost, is often spoken of as the weather^ 
ing of rocks. 

64. Snow often gives rise to the destruction of rocks, 
although it acts protectively on the land as long as it 
remains stationary and unmelted. In mountainous dis- 
tricts, accumulations of snow, from one cause or other, 
are apt to get loosened, and slide down the mountain 
side, sweeping before them all loose and easily detached 
rocks. The' fearful avalanches common in the Alps are 
familiar examples. 

It sometimes happens that, when warm weather sets 
in rather suddenly, the snow accumulated on hilly ground 
is rapidly melted, and the brooks a^d rivers are supplied 
with more water than will fill their channels, thus giving 
rise to large and destructive floods. 

65ft Glaciers are extensive masses of ice which creep 
down the valleys of mountain ranges whose peaks rise 
above the limit of perpetual snow. In the Alps, the 
glaciers are often ten or twenty miles in length, and a 
mile in breadth. They occur on a much larger scale in 
the Himalayas, the mountains of New Zealand, and 
other places ; while in polar regions, as in Greenland, the 
whole groimd is covered with one vast sheet of ice 
sliding imperceptibly towards the sea- 
Glaciers are part of the natural system of drainage, 
only they drain solid, instead of liquid water. They are 
rivers of ice, and are supplied by the snow which is ever 
collecting on the mountain tops. Glaciers originate in 
this way : — ^The snow which accumulates in the valleys 
near the snow-line is subject to an alternation' of partial 
melting and refreezing, which converts it into a mass of 
small icy particles called 9i^l. The deeper portions of 
the nJevCf from the pressure of the layers above, become 
converted into ice. This ice forms the glacier, which 
moves slowly down the mountain sides, occupying valleys 

c 
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vhicli it has helped to form, and whiclt it continues to 
scoop deeper. Sometimes two or more glaciers unite to 
form one trunk, just as the tributaries of a river unite 
to form the main sti'eam. 

60. Motion of Glaciers. — Glaciers descend partly on- 
account of their own weight, and partly from the pres- 
sure of the mass of snow and ice restiDg upon them 
above. The rat« of progress of a glacier depends on the 
inclination of its bed, and on its own mass. The rato 
is never very great Some points on the Mer de Glace, 
a glacier of the Alps, have been observed to creep as 
much aa 30 inches a day in summer; but gener^y. 



Fig. B.— TIi» Ottrntr Uiacter, AIpi, with cnTuroi, moralna, ud tnavT 
baiibti lu Uia diiUDcs. 

glaciers do not move faster tiian 10 or 12 inches a day, 
or a mile in abont twenty years. 

The middle of a ghioier moves faster than ita ude& 
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and the surface more quickly than the bottom; and 
where its course is curved, the line bf most rapid move- 
ment is nearer ther outside than the inside of the curve. 
In all these respects the motion of a glacier resembles 
"^ that of a river. It also, like a stream of water, accom- 
modates itself to the size of its bed, which varies in width 
and depth in various parts, behaving as if it were a 
viscid Hquid. It does not^ however, flow like a liquid. 
It lean- only alter its shape by undergoing innumerable 
fractures J but the separated surfaces, when pressed to- 
gether, quickly reimite, and the ice becomes continuous 
again. This peculiar property of ice is called regelation ; ^ 
it may be studied by experimenting with ordinary ice. If 
two pieces of ice are pressed together for a short time, 
they become frozen into one mass. 

The irregular motion of glaciers gives rise to deep 
cracks and fissures called crevasses, which frequently ex- 
tend from one side of the glacier to the other. Old 
crevasses are constantly closing up, while new ones form, 
and these, cutting the old ones across, cause the very un- 
even surface which glaciers usually have. 

The surfaces of glaciers are always subject to thaw, 
especially in summer, when numerous streams of water 
flow over them, most of which are received into the 
crevasses, and find a channel underneath the ice. The 
lower portion of the glacier having descended into the 
wanner air, necessarily melts faster than the upper por- 
tion; and it gradually contracts in size, imtil it ter- 
minates, often with a precipitous front, at a point where 
the melting of the ice keeps pace with the 'advance of 
the glacier. 

67. Transport of Matter by Glaciers. — ^The rocks above 
the origin of a glacier, and about its sides, are often 
steep and uncovered with snow; they are, therefore, 
subject to all the disintegrating influences of the atmo- 
sphere. Fragments of rock, large and small, become 
loosened from the exposed surfaces, and rolling down to 

^ Lat. re, again ; gdaref to freeze. 
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the margins of the glacier, are carried down hj it, form- 
ing long continuous lines of blocks and fragments along 

its sides. 

The accumulations of rocky matter at the sides of 

glaciers are called lateral 
moraines. In cases whei'e 
two glaciers unite, the union 
of the lateral moraines at the 
adjacent sides of the two 
glaciers gives rise to a mound 
of fragments extending down 
the middle of the main gla- 
cier, forming what is called a 
medial moradne. 

At the termination of a 
glacier, all the larger moraine 
masses are brought to a stand- 
still, the stream of water 

™ - ,>. 1. -I -»u^*«^ into which the glacier re- 

Fig. 7.— Diagram showing the for- 'x ip v. • vi x 

mation of a medial moraine (m). SOlves itself bemg unable to 

I Lateral moraines. continue the transportation 

of anything but the smallest 
fragments and mud. There is thus formed at the end 
of the glacier a confused heap of blocks and fragments 
of stone of all sizes and shapes. Such accmnulations 
are called terminal m^oraines. They are still the prey of 
disintegrating agents, by which they are gradually eroded 
and carried away. 

68. Erosion of Rocks over which Glaciers flow. — It is 
easy to conceive that the motion of a large mass of ice 
like that of a glacier must exert great erosive effect on 
the rocks over which it moves. Moving ice, unlike 
water, does not readily divide on meeting an obsta<;le, 
but tends to push it onwards. By this means all loose 
stones in the bed of the glacier are torn up, projecting 
edges and angles planed off, and the whole bed ground 
into a smooth undulating surfaca 

The small particles worn from the floor of the glacier. 
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and also those which are carried into the creTasses bj' 
Btreams of ■water, being imprisoned between the ice and 
the rocky bed, act like go much emery powder, aad the 
bed becomes not only smooth but polished. The general - 
smoothness of the polished floor is, however, interfered 
with by the numerous angular fragments of rock which 
lall through the crevasses &om the surface of the Racier. 
These being rubbed along, with all the weight of the ice 
above them, scratch and groove the bed in the direction 
in which they are moving ; the stones themselves becom- 
ing Bcratohed and furrowed by the same operation. 

69. Signs left by Qladers which have disappeared. — 
Many of the Swiss glaciers are known to have diminiahed 
in size within the memory of man, and some which once 
occupied valleys in the Alps, and elsewhere, have quite 
disappeared, and their original position can only be 
inferred &om the marks they have left behind. These 
consist of wavy and polished beds, with longitudinal 
striations and furrows ) also of moraine heaps, containing 
many scratched and furrowed stones. The rounded humps 
of rock occurring in the beds of ancient glaciers have a 
ianciful resembl^ce to the backs of a flodc of sheep, and 
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are called rochea motiloraiees.^ These have often hnge 

blocks of stone perched on the top, which have been left 

tiiere as the glacier gradually declined in size. It is 

' Ft, Toeke, a rock ; mouionni, sliepp-Iike. 
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interesting to know tliat many of the mountain valleys 
of our own islands present similar marks, giving evidence 
that these valleys were formerly occupied by glaciers. 

70. Icebergs. — As we approach the polar regions, the 
snow-linQ descends lower and lower, and at length reaches 
the searleveL In these regions, glaciers are only termi- 
nated by finding their way into the sea. If the coast is 
high and steep, iihe descending glaciers project over the 
edge of the cli£^, when the ice, being unsupported, breaks 
away in pieces and falls into the sea below. More fi:e- 
quently the glaciers descend to the sea down gentle 
slopes ; and the ice, as it is pushed forward into the sea^ 
being lighter than water, is buoyed up and tends to float. 
The consequence is, that large masses are broken off and 
float away as icebergs. 

Icebergs, before they are completely melted, may be 
drifted by the winds and currents to great distances, even 
thousands of miles from" where they were formed. Being 
parts of the original glad^ ice, they cany with them 
masses of rock of all sizes, together with much finer 
detritus,^ all of which, by the melting of the ice, is distri- 
buted over the searbottom, mingling with the deposits 
already forming there. ^ 

71. Landslips.— It ol'ten happens in hilly districts, and 
on the sea-shore, that large masses of strata^ sometimes 
many acres in extent, slip bodily forward from higher to 
lower levels, carrying with them trees, fields, houses, or 
whatever may be upon the land. These are kmdslips. 
In nearly all cases they are brought about by the action 
of rain-water, which, soaking into the ground, and at 
length accumulating upon a bed of clay, or some such 
stratum, loosens the cohesion between it and the upper 
beds, when, if the strata are favourably placed, it may 
happen that the upper layers will slide over the slippery 
clay in the direction in which the strata are inclined, and 
thus become a landslip. 

9y means of landslips, masses of rock are brought into 
1 Lat. dCf down; trUv^f rubbed or worn. 
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positions favourable for difiintegration : rocks from hill 
sides are brought withia the acti6n of the streams of the 
valleys ; and those from searclifis are deHvered over to 
the mercy of the waves. 

« 72. Banning Water. — ^Rain-water which flows over the 
surface, sweeps before it particles of mineral matter which 
have been loosened by the action of the weather, thus 
scouring the rocks and leaving their surfaces clean for 
the renewed action of the agents of waste. 

Running water impinging on obstacles tends to move 
them onwards; and when the velocity is great, as in 
mountain torrents, stones are loosened and dislodged 
from the beds and sides of the streams. These stones 
are sooner or later moved onwards, and rubbing along 
on the bottom of the stream, they assist to wear it deeper. 
The stones themselves are also worn, and soon become 
pebbles, by the rubbing down of projecting edges and 
angles : in like manner the smaller particles, if hard enough, 
become sand {see 10, 13). The attrition is continued in 
the brooks and small streams until the detritus is delivered 
to the^rivers, principally in the form of fine sand or mud. 
As the bed of the stream deepens, the sides become more 
exposed, and these crumbling away, the debris^ falls into 
' the streani, and is by it carried away. 

When it happens that a stream, after flowing over 
hard and compact strata, comes to a point where the 
rocks jare much softer, it wears away the softer rocks 
faster than the harder ones, and a waterfall is produced. 
Waterfalls slowly cut their way back, by undermining 
the harder rock, which, becoming unsupported, breaks 
away from the edge over which the water flows. The 
Falls of Niagara have by their recession cut a ravine 7 
miles long, 200 to 400 yards wide, and 200 to 300 feet 
deep. 

^ Fr. wreck or waste. 
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CHAPTER VI 



General Effects of Atmospheric Denudation— Marine 

Denudation. 

73. Atmospheric, or Subaerial Denudation. — ^It will be 
convenient now to consider the work of the atmospheric 
agents of waste in another light — ^namely, in that of their 
influence on the form of ground. The general tendency 
of these agents is to lower the level of the land, but 
unequaUy ; for rocks vary in composition and hardness, 
and some from their position are more liable to destruc- 
tion than others. 

74. Mountains and Hills consist jpf the harder rocks, 
or such as are favourably placed to resist denudation. 
Their summits in many cases are not more elevated than 
the original level of the surrounding district, the valleys 
having been formed by the- removal of the matter which 
once filled them. In some hills and mountains, denuda- 
tion has taken place all round them^ while in other cases 
hills have been formed by the general lowering of a dis- 
trict on one side of an irregular line, leaving that on the 
other side at a greater elevation. On ascending such 
hills, we find ourselves on a new level, on a plateau, in 
fact, with no declivity on the other side, as we may have 




Fig. 9. — Diagr&m showing effects of denudation. 
a Escarpment. b Outlier. 

expected. Hills of this kind are numerous. The Cots- 
wolds present a good example. The descent from the 
higher to the lower level is generally more or less preci- 
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pltous, and is called an esccMrpmmt,^ and there are often 
in the neighbourhood of the escarpment isolated hills 
which have escaped denudation, lliese are called <mtr 
liers. The position and succession of the strata in the 
outlier corresponding with that of the escarpment, proves 
conclusively that the interval between the two was once 
mied by the strata being continuous across, and gives at 
once an idea of the vast amount of matter removed by 
denudation. 

75. Denudation of Carved Strata. — Strata axe often 
more or less curved or folded, just/ like the curves and 
folds that are produced in a pile qf cloths when pushed 
together laterally. . The curves with the convexity up- 
wards are called cmticlinal,^ thoaa^th the convexity 
downwards, synclinal^ In distrioM where the strata are 
curved, we can readily trace the w^k of denudation. The 
section Eig. 10 will help to makeft^ plain. A B is the 
present surface of the Ismd. In- passing from A to B, we 
should find different strata comif g.to the surfa<5e,— first 
of all 1, dipping to the east, ^^ then 2, and presently 

w 




«•. 






Fig. 10i\ 

1i 

8, dipping to the west. On Examination, 3 proves to 
be identical with 1, and as th^r dip towa/rds each other, 
it is pretty certain they are jj;;oVtinuous undergroxmd 

1 Fr. escarper, to cut ste^. \ 

• Gr. anti, on opposite siies ;\elino, I bend. 



Gr. syn, together ] \ 

; \ 
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We now pass over 4, 5, 6, each of which dips below the 
preceding one, and all dip to the west After passing 
over 7, we come to 8, identical with 6, 9 with 5, and 10 
with 4. The corresponding beds in this .case cannot be 
continuotLS underground, because they dip away from, 
ea^h other. The inference is plain ; these beds were once 
continuous ahove the present surface of the land, the 
upper portdonfl having been removed by extensive at- 
mospheric or marine denudation, or both combined. 

76. River Valleys. — ^Rivers, in the upper part of their 
course, and frequently for their whole length, flow 
through valleys. It is probable that in nearly all cases 
the vSleyBoX their or^ to the stream wW now 
flow, and have flowed, through them. Rivers, unless 
very sluggish, continue to deepen their beds. The 
rapidity with which they do so depends on the velocity 
of the stream, and on the nature of the rocks forming 
their beds. 

The deeper a stream cuts its bed, the higher its 
banks tend to be ; but, at the same time, they become 
more favourably placed for denudation. It sometimes 
happens that a river deepens its bed more rapidly than 
the rocks forming its sides are destroyed, when, instead 
of flowing through a valley, the river will flow through 
a ravine, with sides more or less precipitous. A good 
example of this is aflbrded .by the river Colorado and its 
tributaries, which flow for hundreds of miles through 
deep gorges called cafUma, 

More generally, however, the disintegration of the 
banks of a river goes on at a rapid rate, the detritus 
finding its way into the river, by which it is removed. 
This tends to form a sloping declivity on each side of 
thd river, down which the eroded material from higher 
levels is easHy swept. In this way a river of moderate 
size may in time form a broad valley. . There are other 
causes which may help to widen a river valley, such as 
the frequent overflowing of the river, or the occasional 
changing of its course. Moreover, rivers have a peculiar 
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tendency to "wind about^ a great many convolutions 

sometiines occurring in the space of a mile 

ortwo. The tortuouscourse of a river results 

from the opei:ation of the natural law, that 

a mass of matter in motion tends to move 

in a straight line. The consequence is, 

that wherever there are any accidental 

curves in the course of a river, the current, 

tending to preserve a straight course, will 

be principally directed on the concave bank, • 

and will 'continually cut this back, while ' 

deposits of gravel or other detritus will take 

place on the opposite side, where the motion 

is slower. The diagram iPig. 11 will assist Fig. ii. 

in making this clear. 

In many valleys, river gravels occur at various 
Heights above the present level of the river, which 
show it to have formerly flowed at a higher level than 
at present. The gradual deepening of the valley, or 
decline in the size of the river, has in many cases 
given rise to step-like banks, or terraces on the sides of 
file valley. Good examples occur in the valley of the 
Thames. 

77. Marine Denudation. — ^The sea-coasts are not only 
subject to the wasting influence of the ordinary atmo- 
spheric agents, but are rapidly eroded and destroyed by 
the movements of the se% principally by the breakers, 
which are aided in their action by the tides. Sea- 
breakers are simply the wid-wayes formed on the sur- 
face of |the sea^ and which, on reaching the shallower 
water near the shore, are thrown more or less forcibly 
forward. During storms the waves acquire great force, 
and break with violence on the rocky shores. No 
rock can permanently withstand the terrible battering 
of these breakers. Blocks of stone are loosened and 
dislodged firom compact rocks; while the softer rocks, 
such as clay, sand, or gravel, are destroyed with surpris- 
ing rapidity. The power of the breakers to roll about 
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and remove huge blocks of stone is better understood 
when it is known that rock of average density has quite 
one-third of its weight cotinteracted by the buoyancy of 
the water. The loosened blocks are still subject to dis- 
integration, and are broken in time into fragments, which 
soon become pebbles by being constantly rolled to and 
fro by the advancing and retreating waves. During 
storms, pebbles, sand, and fragments of all kinds are 
driven against the chffk, thus helping on the work of 
destruction. 

The rising and falling tide assists the action of the 
breakers by continually changing their level of action. 

Destructive as the sea-breakers are at the base of the 
cliff, the atmospheric agents are usually still more active 
at the upper parts ; in consequence of which, the majority 
of sea-cliO& slope backwards. Sometimes the faces of 
clif^ are vertical, showing that the atmospheric erosion 
keeps pace with that of the sea. When, as it occasionally 
happens, the sea eats away the base of the cliff faster 
than the part above the searlevel is wasted, the cliff 
overhangs the sea, the unsupported blocks now and again 
falling away. 

Landslips are common on some coasts, and by their 
aid latge L^ of strata are brought ^thin the iinme- 
diate action of the sea. 

78. The Rate at which Sea-cliffs are cut back depends 
on the nature of the rock, and position of the beds when 
stratified, as well as on the force of the breakers. 
Where the cliffs consist of beds of sand, gravel, clay, or 
other soft strata, as they do on some parts of the east 
coast of England, the sea advances at a very perceptible 
rate, amounting in many places to 2 or 3 feet per 
annum. The chalk cliffs in the east and south of Eng- 
land resist the action longer, but the progress of their 
destruction is still very evident. It is only where the 
rocks are compact and durable, such as the igneous and 
metamorphic rocks which form many of the promontories 
in our islands, that the encroachment of the sea is not 
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•0 obvlotu ; bat even vith these, defltraction is only a 
qucBtion of tima 

79. General Effects of Marine Denndatlon. — The 
TariouB agenlA of 'waste, whether subaerial or marme, 
coatisue to act ou the land as long as any portion, of it 
is above the sea-leveL The mode of action of maiine 
agents contrasts strongly with that of atmospheric agents. 
Wbile the latter deeply carve the surface into hilb and 
valleyB, and otherwise render it irregular, the former 
act as a huge scythe, mowing the rocks before it) and 
tending to produce great level plains. 



vie 11— ThaKoedlM, Ida ol Wight ihowliiitirMU of Duiliit dtnndkUon. 

The origin of the main irregularities of the coast-line, 
such as bays and headlands, must be attributed to marine 
action. The headlands, consisting of more durable rock, 
have ^thatood the encroachment of the sea to a much ' 
greater extent than the softer rocks which filled the 
bays. A good example is offered by St Bride's Bay, 
"where the north and south promontories are formed of 
Iiard igneous rock, while the coast between them consists 
of the softer coal-measure strata. 
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CHAPTER VIL 



TrANSFOBTATION of EbODED MaTEBIAL AmTDlSTBIBnTION 

OYEB THS SeA-BOTTOU. 

80. Transport of Eroded Material by Rivers. — ^Moving 
water and moving ice are great agents of transportation, 
as well as of erosion. - They destroy rocks, and, at the 
same time, carry the detritus away. Water is inferior 
to ice in its power to carry forward huge masses of rock ; 
but its transportinfi^ power increases enormously with its 
velocity, and with vSy high velocities, immeiie blocks 
of stone may be moved forward, which slower currents 
would be imable to disturb. The buoyancy of water on 
bodies immersed in it materially assists its power to 
transport heavy mineral matter. 

Brooks and rivers, with ordinary velocity, roll pebbles, 
gravel, sand, etc., along their bed, and carry mud, and 
sometimes fine sand, in suspension, the coarseness and 
amount of matter so carried increasing with the velocity 
of the stream. If a tumbler be filled with river-water, 
and allowed to stand for a short time, the suspended 
particles will be deposited, and will give some idea of the 
vast amount of matter carried to the sea by rivers. 

On boiling to dryness a flask fu]l of river-water fi^e 
from sediment, it will be found that a considerable solid 
residue is left, consisting of matter previously held iti 
solution by the water. Biv^rs carry considerable 
quaniities of mineral matter in solution, such as bicar- 
bonate and sulphate of lime, common salt^ salts of 
magnesia, potash, etc. (61, 62). 

The amount of detritus transported by large rivers, 
such as the Mississippi, Nile, Granges, and others, is 
enormous. The Ganges, for instance, discharges into 
the sea every year 6368 millions of cubic feet of solid 
matter. This, if deposited evenly on a square mile of 
surface, would raise it 225 fee^ 
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81. Deposition of Detritus in Quiet Water. — ^When a 

river loaded with suspended matter has its velocity 
checked, as when flowing through a lake or over a flat 
district, its power to transport is lessened, and more or 
less of the suspended matter is deposited as sediment 
The Hhine and Bhone each flow into' lakes (ConiStance 
and Creneva) as muddy rivers, fed by Alpine glaciers. 
In traversing the lake, all the suspended detritus is 
deposited, and the rivers leave the lakes as clear 
streams. 

Deposits made in lakes are called lactiatrtne,^ and 
lakes may, in time, become fllled up by these deposits. 

Rivers which overflow their banks deposit mud and 
gravel along their course, and these alluvial deposits, as 
the valley deepens, and as the river winds about, are 
cut into, giving rise to river terraces (76). 

Elvers deposit their sediment on reaching the sea. If 
the velocity of the current is small, and powerful tides 
are absent, this deposition w^ll take place at the river's 
mouth, and will tend to choke it up. This action pro- 
duces, in time, great plains and marshy flats, through 
which the river makes its way by many channels. Such 
a formation is called a delta, llie continual deposition 
of matter at the many mouths of the river increases the 
extent of the delta, and it gradually encroaches on the 
sea. The Ehine, ISTile, Ganges, and Mississippi present 
familiar examples of deltas. The area of die latter is 
about 12,300 square miles. 

Rivers in which the current is rapid, or which are 
subject to powerful tides, do not form deltas, the sus- 
pended material being carried out to sea by the force of 
the current, and there deposited, the heavier particles 
falling nearest the land, while the lighter portions are 
carried further out. When ocean currents sweep past the 
mouths of rivers, the lighter suspended particles may be 
carried to great distances before 'they Anally subside. 

The accumulations on sea-beaches are usually sliingle 



40 GEOLOGY. 

and sand; farther out, sand only, the sand at length 
giving place to mud; while, in the open ocean, far 
away from land, dredging instruments bring up little 
more than the calcareous and siliceous remains of marine 
animals. Thus there are forming in the sea distinct 
beds of shingle, sand, mud, calcarec'ds matter, and 
various mixtures of these. Alteratidns in the form and 
elevation of land, direction and force of rivers and ocean 
currents, disturb the distribution of sediments, so that 
mud may in time be thrown down upon sand, sand upon 
pebbles, and pebbles and sand may form beds where 
calcareous deposits were before accumulating. These 
processes, continued for ages, give rise to great piles of 
beds, alternating in their mineral character ; and these, 
when hardened and elevated, form the rocks of the land, 
which, in their turn, are disintegrated and destroyed./i 



CHAPTER VIIL 

Oroanioallt and Chemically Fokmed Rocks— Consoli- 
dation OF Strata. 

Organically Formed Eocks. 

82. Marine Limestones. — ^It has been explained in 
previous articles (62, 80) that all calcareous rocks form- 
ing part of the land are continually subject to the 
solvent action of water containing carbonic acid in solu- 
tion, the bicarbonate of lime resulting froin this action 
being received into the rivers, and by them delivered to 
the sea. 

; Notwithstanding the va«t quantities of carbonate of 
lime which reach the sea, this substance can scarcely be 
detected in sea-water. This is not surprising when we 
think of the profusion and endless variety of animals 
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'which lire m the sea, amd which, require a large supply 
of carbonate of lime wherewith to form their shellB, boiieB, 
and other hard parts. These animalB abstract carbonate 
of lime from the sea-water, and form their skeletons with 
iL When they die, their calcareous remains accumulate 
at the sea-bottom, forming beds of limestone, more or 
less pure, according to their freedom from the detritus of 
the land. These accumulations, going on for long ^es, 
give rise to limestone beds of great thickness, such an 
now form part of the laud in many places. 




fig. IS.—C^careoiu iLis:ii ul /aranA((ftra (iiu(Dlll«d> 

The animals which contribute the greater portion of 
the material to form marine limestones are very minute 
in size, ajid simple in structure, but are protected by 
elaborately-formed cases or sheila, composed of carbonate 
of lime, which they secrete front the sea-wuter. These 
minute animals are called /oraminifera,'' because the 
walls of their Bhells are perforated by many little tubes 
or passages. The Joraminifera, although very minute, 
make up in numbers what they want in size. Some seas 
swarm with them, and considerable accumulationa of 
their remains are taking place at the bottem of all such 
* Lat. foramina, a pusage ; ftro, I bear. 
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seas. In the mid-Atlantic the bottom is found to con- 
sist of a white adhesive mud, or ooze, which is made 
up almost entirely of the remains of /(yramiinifera. 
When ordinary chalk is examined under the micro- 
scope, it is seen to be mainly composed oi foromdntferal 
shells. This leads to the conclusion that strata of chalk 
were formed in a similar way to that in which the cal- 
careous ooze of the Atlantic and other seas is now 
forming. 

The coral polyp, which resembles the sea-anemone in 
structure, but is usually much smaller, contributes 
largely to the formation of limestona It remains fixed 
the whole of its life upon a kind of stem (commonly 
known as coral) composed of carbonate of lime, and 
which each animal helps to form. As the animals die 
one by one, others take their place, and continue to 
make the coral larger. Coral reefs, which are abundant 
in the warm seas of the Indian and Pacific Ocean, have 
been formed by the gradual secretion of carbonate of 
lime by many generations of polyps. The coral polyp 
cannot live imless covered with water; but the reefe 
approach so near to the surface, that they are subject to 
the destructive action of sea-breakers, especially during 
storms. Fragments and particles of coral are continually 
detached, and deposited in the adjacent seas. 

Much of the coral detached by the breakers is thrown 
forward, and piled up above Ingh-water mark. These 
accumulations in time become compacted by the filling 
up of the vacant spaces with coral detritus, and form coraZ 
islands f which in many cases are covered with vegetation, 
and inhabited by men and animals. 

Searlilies or enciinites, furnish calcareous remains in 
some seas. These a.TiiTnals are related to searstars and 
searurchins ; but are fixed to the bottom of the sea> 
where they live, by long jointed stems consisting of car- 
bonate of lime. These stems may accumulate to such 
an extent as to form thick beds of limestone. The 
encrinital limestone of Derbyshire consists in some 
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places almost entirely of encrinital stems mingled witJi 
Bea-shells and coraL 

Shell-fish^ such as oysters, mussels, etc., are so abun- 
dant in some places as to form calcareous beds of great 
extent by the accumulation of their shells. 

83. Organic Siliceons Deposits. — Many minute or- 
ganisms, foimd both in fresh and salt water, are pro- 
vided with coverings of silica.^ Polycistinse (animals) 
and diatomacese (plants) are the most abundant; and 
these exist so plentifully in some lakes and seas, as to give 
rise to extensive deposits of silica. The polishing stone 
known as '^ tripoli " is composed entirely of the siliceous 
remains of microscopic organisms. 

84. CoaL — ^When thin slices of coal are examined 
under the microscope, traces of vegetable tissues can in 
most cases be made out ; more especially indications of 
spores and spore cases of club mosses and other crypto- 
gamic (flowerless) plants. This points to the vegetable 
origin of coal, and the indication is supported by the 
numerous fern leaves, stems, bark, and other parts of 
plants which are found in, and associated with, coal. 
The chemical composition of coal also shows its relation 
to vegetable matter ; toal, like wood, consisting of car- 
bon, hydrogen, and oxygen, together with some earthy 
substances, which constitute the ash in each case. 

When vegetable matter is exposed to moisture, but 
excluded from air, chemical changes set in, and it loses 
carbonic acid and water, becoming converted into peat. 
In this way peat is forming in many wet, boggy place? 
at the present time, principally from the growth of 
mosses; but which, in their accumulation, often bury 
shrubs and fallen trunks of trees. Losing more carbonic 
acid and water, peat passes into lignite (30). Still losing 
carbonic acid and water, and in addition marsh-gas,^ 
lignite becomes coal, that is, ordinary bituminous or 

^ The same chemical sabstance of \^hich quartz is composed. 
* A compound of carbon and hydrogen, the fire-damp of the 
Mol-miner. 
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house ooaL A fuiiher loss of carbon and hydrogen 
converts coal into the stony mineral called anthracite 
(32). 

We gather from what has been said/ that in the mine- 
ralisation of vegetable matter, there is, under favourable 
circumstances, a gradual passage through the conditions of 
peat, lignite, and bituminous ooel, to anthracite. In some 
thick peat mosses, the peat at the top passes insensibly 
into a kind of lignite at the bottom ; and in the same 
seam of coal, it sometimes happens that the upper part 
is bituminous, while it passes by degrees into anthracite 
in the imder part. 

The manner in which coal beds are formed will be 
explain^ further on. 



Chemically Formed Bocks. 

85. Rock-Salt. — ^Beds of rock-salt represent the sites * 
of original salt lakes, such as now exist in many parts of 
the world. The Dead Sea is a good example. In some 
of these lakes (which have no outlets), the water is com- 
pletely saturated with salt, and is ever receiving more ; 
and as the bulk of water in them remains about the same 
(evaporation keeping pace with the supply), there is a 
continual deposition of salt going on, which in time may 
become thick beds, and at lengSi, when some change in 
the conditions of the district ensues, be covered up by 
detritus. It may also happen to any salt lake that, 
from some change of level in the surrounding country, 
streams of water cease to flow into it, when it will be 
gradually dried up, leaving a bed of salt, more or less 
pure, at the bottom. 

86. Gypsum Beds have a similar origin to that of rock- 
salt. Sulphate of lime, being soluble only to a small 
extent in water, would be deposited by a lake continuing 
to receive more when alr^y saturated with it, and 
all would be deposited in the event of such a lake drying 
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up. Beds of gypsum, when they occur, axe usually asso- 
ciated with other lacustrine strata. 

87. Calcareous Deposits. — Deposits of carbonate of 
lime may be formed in lakes in a similar way to that in 
which rock-salt and gypsimi are formed, giving rise to 
freahrwa/ter limestones. Animal a living in these lakes 
vrould contribute their hard parts towards the formation 
of such limestonea 

Calcareous deposits also occur when water containing 
bicarbonate of lune in solution loses some of its carbonic 
acid. This is the case when water, after having perco- 
lated through calcareous beds, becomes exposed to the 
air, as when it reaches the roof of a cavern and drops 
from it. The drop of water, as it remains suspended 
from the roof, loses carbonic acid, and deposits^carbonate 
of lima The amount deposited by one drop may be very 
minute ; but the process being incessantly continued, the 
slight projections first formed grow into long, pendant, 
icicle-l&e masses called stalactites^ The -water which 
trickles down the sides of the cavern forms similar deposits, 
giving a smooth sur£ax$e to the walls. On the floor of 
the cavern also, if no stream flow over it, the escape of 
carbonic acid continues, and further deposition of cal- 
careous matter takes place, enclosing and preserving 
bones of animals, and any other objects which may 
happen to be there. Immediately imdemeath the 
stalactites, the deposition of matter goes on rapidly, and 
projections rise from the floor, looking like inverted 
sUdactites. These are called ^to^mi^.^ Occasionally the 
stalactites and stalagmites meet each other, and form a 
pillar-like mass. 

In limestone districts, the springs, when they emerge 
from the rocks, are often so highly charged with calcare- 
ous matter, that on» reaching the open air they deposit it 
freely upon whatever objects come in their way. Such 
springs have received the popular name of petrifying 
springs, on account of their giving a stony appearance to 
1 Gr. stalasso, to drop. ' Or. sUUagma, a drop. 
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twigs of wood, moss, and other objects placed in tliem 
for some time. The objects themselves, however, are 
unchanged, this deposition of solid matter on them being 
very different from the true process of petrifaction or fos- 
silisation, by which the svhstcmce of the objects themselves 
becomes stone, and which takes vast ages to effect (114). 
Springs, such as described, sometimes deposit carbonate 
of lime in considerable quantities, and there often occur 
in their neighbourhood great thicknesses of light porous 
rock, called Pufa or travertine^ which have been formed 
in this way. 

88. Consolidation of Strata. — ^Before learaig the sub- 
ject of the formation of stratified rocks, it will be well 
to consider the mode in which soft and loose strata^ such 
as mud and sand, become consolidated into hard rock. 
Pressure, chemicsd change, and heat are the agents prin- 
cipally concerned in effecting this alteration. 

Pressure, — ^It is possible, by intense artificial pressure, 
to make clay and other incoherent matter quite compact 
and hard ; and it is not difficult to see how in nature 
sufficient pressure is obtained to effect the consolidation 
of strata. New matter is continually being added to 
that already collected at the bottom of the sea ; and if 
the sea-bottom is undisturbed for a great length of time, 
beds of great tiiickness (groups of strata occur on the 
land thousands of feet in iMckness) may be accumtdated. 
When this is the case, the lower beds — those formed 
earliest — ^become pressed with the enormous weight of the 
beds above them, and this pressure continued for great 
ages is alone sufficient to compact loose sediments into 
hard stona Strata are also subject to intense pressure 
when it happens that they are crushed together laterally, 
as they undoubtedly have been in many cases, their 
crumpled form bearing evidence of the fact In such 
cases, the rocks are also compact and stony ; but other 
forces than mere pressure appear to have been at work, 
for rocks of this description are generally metamor- 
phosed. 
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InfiUration of water containing solid matter in solution 
through porous strata, may give rise to consolidation, by 
the solid matter beiag deposited among the particlesi 
thereby acting as a cement between them. The sub- 
stances which appear to act in this way as cementing 
material are silica, carbonate of lime, and oxide of iron. 

Chemical changes among the constituents of the strata 
themselves, giving rise to new arrangements of the 
particles, end in the hardening of rocks. The conversion 
of vegetable matter into coal is an example of this. The 
setting of cements serves to illustrate the hardening of 
material by internal chemical changes. 

Heat alone may produce consoUdation by actual or 
partial fusion and subsequent cooling, thus giving rise 
to metamorphic or igneous rocks. It may also assist 
pressure simply by expanding rocks. The part, however, 
played by heat in the consolidation of rocks is chiefly in 
its setting up and sustaining chemical changes, in which 
water usually takes an important part Kocks hardened 
under the influence of heat, especially if water be pre- 
sent to assist in the rearrangement of the constituents, 
generally become crystalline; they are then said to be 
metamorphosed. 

By the separate or combined action of the above men- 
tioned agents — 

Sand becomes Sandstone. 

Pebbles, Conglomerate. 

Angular fragments, ..... Breccia. 

Mud, Shale. 

Clay, Shale and slate. 

Calcareous deposits, Limestone. 

89. Summary. — ^The last Ave chapters have been de^ 
voted to a detailed account of the various natural pro- 
cesses involved in the production of stratifled rocks. We 
have seen that these rocks are formed, not of any essen^ 
tially new material, but are derived from rocks already 
existing. Thus, for every cubic foot of matter accumu- 
lated at the sea-bottom, a cubic foot of the landis removed. 
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Evidently tMs process, if continued with no counteracting 
causes, would, in lapse of time, reduce all the land to 
submerged banks ; but the very existence of sedimentary 
rocks now forming dry land, demonstrates the existence 
of forces capable of lifting the searbottom quite out of the 
water, and converting it into dry land, thereby counter- 
acting the destructive action of denudation. The natural 
causes concerned in changing ihe level of land will next 
claim our attention. 



CHAPTER IX. 

Central Heat of the Eauth— Original Fluidity — 

Volcanoes. 

90. Central Heat of the EartL — ^We shall now con- 
sider certain facts which lead to the conclusion that the 
earth is highly heated in the interior. Proofs are afforded 
by — (1.) temperature of mines; (2.) temperature of water 
from deep wells and hot springs; (3.) volcanoes and intru- 
sive igneous rocks. 

Temperature of Mines. — ^The changes of temperature 
accompanying the progress of the seasons do not affect 
the surface of the land to any great depth. In our 
latitude we reach a constant temperature at the depth of 
60 or 70 feet at most. At any spot below this limit of 
variable temperature, a thermometer stands at the same 
height all the year roimd. In descending mines, after 
reachiilg a constant temperature, the rocks get warmer 
the lower we descend. This is true of all mines; wher- 
ever they occur, and whatever be the nature of the rocks 
in which they are situated. The rate at which the tem- 
perature increases with the distance descended varies in 
different mines, and at different depths in the same loaine. 
The average rise of temperature is about V Fahr. for 
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every 60 feet descended below the limit of variable 
temperature. In the Dukinfield coal-pit^ near Man- 
Chester, a constant temperature of 51° Fabr. is reached 
at the depth of 17 feet. At the pit bottom, 2151 feet 
from the surface, the temperature is constantly 75° 
Fahr., showing an increase of 1° Fahr. for every 89 feet ; 
less than the average. In sinking the Bosebridge colliery, 
near Wigan (now the deepest mine in Great Britain), 
very careful observations were made of the temperature 
of ihe rocks themselves during the progress of the work. 
The result gave 1° Fahr. as the rate of increase for every 
54| feet descended ; the temperature at the depth of 806 
yards being as high as 93J° Fahr. 

Artesia/n WeUs consist of borings, usually of great depth, 
in places where, &om the nature and position of the strata^ 
the water finds its way through the boring to the surface. 
The water of these wells is always warmer than the mean 
surface temperature, and the temperature increases with 
the depth. An artesian well at Grenelle, near Paris, is 
1798 feet deep, and the water has a uniform temperature 
of 81*7° Fahr. Hot /Springs are usually connected with 
great fractures and dislocations in the rocks, extending 
to great depths. 

Volca/noes, during their periods of activity, pour out 
streams of molten lava, and eject other heated matter. The 
very general distribution of volcanoes, recent and extinct^ 
the vast amount of matter thrown out by them, and the 
highly-heated state of this matter, shows the existence of a 
widely-spread source of intense heat beneath the surface. 

Igneous Rocksy which occur every here and there at 
the surface, imply the existence of heat to melt them ; 
and when it happens that they are really intrusive rocks 
which have undoubtedly been melted,-^-such as basalt or 
greenstone, — ^they point to the source of heat being below 
them (44). 

Other proofs may be adduced, but the above are quite 
sufficient to establish the fact that the interior of the 
earth is in a highly heated state. 
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Supposing the increase of temperature to go on at tte 
observed average rate, at the depth of ttree or four miles 
the temperature of boiling water would be reached ; at 
60 miles the heat would be great enough to ijielt steel ; 
while at 100 miles the temperature would probably be 
sufficiently high to fuse all known rocks. But whether 
the rocks are in an actual fluid state, ^t ikij) or greater 
depths, is at present purely a matter of theory. ^ 

91. Theory of Original Fluidity of the Earth.— With- 
out going into details, it may be stated that the observa- 
tions "of astronomers have led to the belief that the earth 
was once (in common with the other members of the 
solar system) in a nebulous or gaseous condition, from 
which it condensed to an intensely-heated globe of liqui- 
fied matter. Badiation of heat taking place, it at length 
became sufficiently cool to allow the surface to cohsoHdate, 
forming an exterior shell or crust. Continued radiation 
thickened this crust, and so far cooled its surface, that 
the water, previously existing as au atmosphere of steam, 
was at length able to remain on it, thus commencing 
the condition of things as they exist at present. The 
spheroidal form of the earth, being such as woidd bo 
assumed by a liquid or semi-solid body rotating on an 
axis, together with the facts considered rp. the last 
article, all support the theory of the original fluidity of 
the earth. 

, We have little or no positive knowledge of the present 
condition of the earth's interior. Some have supposed 
it to be quite liquid, and having but a thin crust. It 
would seem, however, that the crust must be very thick 
in order to withstand the action of the tides which would 
be produced in the fluid matter, supposing it to exist. 
It is likely, also, that as the earth cooled, and while 
it remained sufficiently liquid for convection to take 
place, the pressure at the centre was more powerful in 
promoting solidity than the heat in inducing liqiddity, 
a-nd consolidation would, therefore, commence at the 
•centre. When, however, tiie liquid mass which sur- 
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totinded tke solid nucleus became too viscid to allow of 
convection, then a crust would begin to be formed on 
the ~ exterior. W^ can imagine the space between the 
two zones of solidification to consist of a honeycombed 
structure containing detached masses of fluid matter 
(from whence vrfSnic products may be derived). This 
would give us a frigid earth, and just what astronomy 
requires it to be ; for if not rigid, it would give rise to 
motions which cou& easily be detected. 

92. Volcanoes. — ^Every one is familiar with the general 
appearance of a volcano, from the frequency with which 
volcanoes are figured. At the top of the volcano is a 
cup-like depression or crater, which is the upper expanded 
portion of a funnel or passage communicating with the 
molten matter below, and by which the products of the 
volcano reach the surface during an eruption. On the 
flanks of the main cone there are usually a number of 
smaller cones, each with its own crater, and fed by 
branches from the main funnel. As many as 600 minor 
cones appear on the sides of Etna. 

Frequently the first signs of the eruption of a volcano 
are e^quakes, whicli 1^7 contmue more or less durmg 
the period of activity. The eruption HsuaUy commences 
by the ejection of steam and other vapours, followed by an 
efi^ion of lava into the crater, where it boils up, giving 
rise to ashes, and often overflows the lip of the cratel*, or 
forces a passage through the sides, and runs in stimms 
down the slopes of the mountain. 

During periods of repose, the slumbering volcano often 
gives evidence of being stiU in connection with heated 
matter, by emitting volumes of smoke (really fine ashes 
and steam). 

The conical pile of matter constituting a volcano has 
all been ejected by the volcano itself, and the cone-like 
form is the necessary consequence of the continual addi- 
tion of ashes to the summit of the mountain ; just as a 
mound of sand or other loose matter takes a similar form 
when fresh material is continually added to the top of it. 



The particular slope depends oa the amount of frioMon 
between the particles of the material Some volcanoes 
have as great a slope as 45", but 30° is about the avaraga 
From observations in deuuded volcanic districts, much 
infbrmatioa has beeu derived with regard to the internal 
structure of volcanoes. An imaginary section through a 
volcanic cone is given in tlie figure. 



Fig. U— ImMADMT KcUon thraneh ■ Tolcuiie cone. The duker portions 
repnunl Uva Btnuai. 

In some places, as in the Fuy de D6me district of 
central France, groups of volcanic cones occur, with their 
craters and old lava streams, but which have never 
been in a state of eruption, or even emitted vapours, in 
historical times. Such cones are called extinct volcanoes. 

Volcanoes m&y exist at the bottom of the sea, when ' 
they are called eubma/rirtA 



CHAPTER X. 

MOVEHEHTS O: 

93. Movements of the Earth's Cmst. — ^The &ct that 

the greater portion of the land consists of strata made 
up of waste matter accumulated at the bottom of old seas 
which existed on the spot where these rocks are now 
found, is sufficient evidence of a chajige of level, either 
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of the sea or the land, having taken place since the de- 
position of the strata in question. 

That it is not the searlevel which has changed we may 
rest assured, for if the level of the sea should be lowered 
a few feet in one place, it must be lowered an equal 
amount all over the eajr^h, and we cannot conceive of any 
occurrencQ, of sufficient magnitude to effect this. Again, 
the quantity of water on the earth being always the same, 
there can be no alteration of its level without some 
change in the form and size of its rocky basin, which at 
once implies movements of the earth's crust. 

Not only have we old sea-bottoms forming dry land, 
and raised beaches, with their shingle and shells, of more 
modem date, but in many places, and even on our own 
coasts, forests, and sometimes buildings, occur submerged 
by the sea. Of course these forests have changed won- 
derfully in appearance; the branches and the greater 
part of the stems are gone, but the stumps may be 
observed projecting out of the sea-bed at very low water. 

The inovements to which the crust of the earth is sub- 
ject are principally of two kinds — (1.) Oscillations due 
to earthquakes, which generally effect permanent altera- 
tions in the level of the land ; and (2.) Slow and gradual 
movements of elevation and depression. 

Elevation is more frequent than depression, and in 
this way serves to compensate for the destruction of the 
land by marine and atmospheric erosion. Without eleva- 
tion, iiie time would certainly come when all the land 
(except coral reefs) would disappear below the surface of 
the sea. 

94. Earthquakes. — ^An earthquake in its typical form 
consists of a sudden heaving of the land, which sinks 
again immediately, the protuberance thus formed moving 
forward with great velocity in all directions, in a manner 
that may be compared to the motion of a wave on the 
surface of water. The intensity of the shock is greatest 
at the place first disturbed, from which spot it gradually 
decreases to the more remote districts, where the effect 
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dies away. Sometimes a succession of waves occur, each, 
of which traverses the disturbed country with great 
velocity. 

When the earthquake-wave originates beneath the 
sea, and travels towards the land^ a huge sea-wave is 
formed, which does not keep pace with the earthquake- 
wave, but comes in after the latter has subsided, sweep- 
ing over the land, and often effecting as much destruction 
as the earthquake itself. 

There is undoubtedly a relation between volcanoes and 
earthquakes. The latter are more frequent in localities 
where the former are numerous. The eruption of a 
volcano is often preceded, and accompanied, by earth- 
quakes. 

Great earthquakes are fortunately very rare; but 
shocks of lesser intensity are frequent. It is calculated 
that an earthquake occurs every week on an average^ in 
some part of the world or other. Our own islands do 
not escape occasional shocks. 

95. Permanent Alterations of Level accompanying 
Earthquakes. — Many cases have occurred where the 
oscillations of the land during earthquakes have resulted 
in permanent alteration of leveL The west coast of South 
America abounds with instances of this kind. In many 
parts of this coast sea-beaches are found at various heights 
above the searlevel. These beaches are often known to 
be of modem date by the fresh state of the shells. We 
are furnished with accounts of many upheavals and de- 
pressions accompanying earthquakes. During the earth- 
quake of Conception in Chili in 1835, a belt of coast 
was raised five or six feet, and after slowly subsiding, , 
remained at an elevation of two feet above the original 
level. 

96. Slow Elevation and Depression. — Observations in 
various parts of the world show that many tracts of land 
are slowly subsiding, while others are gradually rising. 
We need not go far to arrive at districts where elevation 
is actually taking place. The Scandinavian shores of the 
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Baltic afford a good instance. Obserrationli in this sea 
(facilitated by the almost entire absence of tides) show 
that the whole coast from Stockholm northwards is 
slowly rising. Tho rate inci*eases from a few inches in a 
century a little north of Stockholm, to 5 or 6 feet in a 
century in the district of the North Cape. An instance 
of slow depression is afforded by the west coast of 
Greenland, where for a distance of 600 miles the shore 
is slowly subsiding. Posts to which boats were formerly 
moored, and the remains of habitations, are found be- 
neath the water in many parts of this district. 

97. Depression proved by Coral Reefs. — ^The manner 
in which coral reefs are produced by the coral polyp has 
already been described (82). Coral reefs are of three 
principal Idadf^—Zrvnging rerfi^ bcnrier re^a, and cUoUs, 




Fig. 15.»Dlagram of a fringing reef (e). 
a b Level of the sea. 

Fringing Be^s. — ^The reef-building polyp can only live 
in warm, clear sea-water of a certaih moderate depth. 
In the Tndian and Pacific Oceans these conditions are 
afforded by the shallow water near the rocky margins of 
numerous islands and continental shores. Wherever the 
conditions are favourable, the land is fringed, at* some 
little distance from the shore, with reefs of coral called 
fringing reefs, the growing portions of which are always 
below water. 

Baarrier Beefs are great reefs of coral, which occur 
quite, away from the mainland, generally running parallel 
to the coast, but frequently at a distance of many miles* 
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from it. Between the reef and the land the water is 
comparatively shallow, but sufficiently deep to float large 
ships^ wliile the outer edge of the reef descends almost 
vertically into deep, and often unfathomable water. The 
best example of a reef of this kind is the great barrier 
which stretches in a broken line along the north-east of 
Australia for more than 1000 miles, and at about 50 or 
60 miles from the shore. 

From what has been said of the habits of the coral 
polyp, it is evident that the barrier reef could not have 
been commenced at the great depth below the; surface of 
the sea to which they are known to descend. The origin of 
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Fig. 16.-^DIagrain showing the formation of a barrier reef (d). c Original 
« ' frini^ng reef, a b Present sea-level. 

these reefs is accounted for in this way: — The barrier 
reef was once a fringing reef skirting tibe shores of the 
land in a district undergoing slow depression. In conse- 
quence of this depression the sea gradually encroached 
upon the land, and removed the coast line backwards, 
while the movement was sufficiently slow to allow the 
polyps, in their efforts to maintain their proper depth by 
continually growing on the top of the reef, to keep it at 
the same level below the sea. This wiU be made clear by 
referring to the diagium, Fig. 16, which is intended to 
represent a barrier reef formed by the growth of the 
fringing reef in Fig. 15, the land being supposed to be 
lowered. 

Atolls, — ^When barrier reefs entirely surround an island, 
they are called encircling reefs. Should the depression of an 
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ialand with an encircling reef be continued, slowly enough 
for the coral polyps to raise their reef aa the island 
sinks, it may happen in time that the island will quite 
disappear bislow the water, while the reef remains at the 
surface in the form of a huge irregular ring. Many ring- 
like reefs occur in the Pacific Ocean, and are called atoUa, 
like barrier reefs, they present steep fronts to deep water 
without,' while on the inside they gradually slope to the 
bottom of the included lagoon, the depth of which is much 
less than that of the sea outside the reefl 

98. Elevation proved l^ Coral Reefs. — Coral reefs 
are sometimes useful in proving elevcUion, In some 
districts, mostly Volcanic, old coral reefs are found on 
the coast high above the present sea-level. In all cases 
they are much eroded, and often recognised with diffi- 
culty. Beefs of this kind occur in Java and nei£:hbour- 
in^ islands. - ^ 

89. .Probable Cause of the Movements of the Earth's 

Crust. — ^It is generally thought that the slow movements 

. of depression and elevation are consequent on the con- 

' traction of the earth by cooling. The earth continuing to 
cool after the crust was formed, and gradually contract- 

' ing in bulk, would tend to retreat from the solidified 
crust, leaving a space between it and the still liquid 
sphere within. But the crust, being drawn down by 
gravity, would, by bending and crumpling, adapt iteelf to 
the ever-decreasing surface. The movements of the crust 
would not, of course, take place all at once, but would 
be of all ages. The movements taking place at the 
present time are probably due as much to the gradual 
yielding of portions of the crust which have not yet 
thoroughly settled down into a stable position, as to the 
cooling going on at the present time, which is compara- 
tively slow. 

- 100. Mountain Chains. — ^It has already been explained 
thajb mountains and hills are often the work of atmo- 
spheric denudation (74). Mountain chmns, however, 
while they have been subject to extensive denudation, 

E 
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giving rise to peaks, passes, and other mountain sceneiy, 
owe their origin in the first place to actual elevation. 
Several theories have been proposed to account for their 
elevation, the most probable explanation being, that they 
were formed during the efforts of the earth's crust to 
adapt itself to the shrinking mass within, as just ex- 
plained. In this w-ay, while large tracts quietly subsided, 
the less rigid or weaker portions were tliown into folds 
or ridges, of which our mountain chains are the rem- 
nants. The condition of the skin of a shrivelled apple 
illustrates the crumpling of a covering in its efforts to 
adapt itself to a shrinking mass. 

The general structure of mountain chains favours this 
view. On either side the strata dip away from the axis 
of the mountain, showing that they have been thrown 
up into anticlinal curves. Frequently, also, the central 
portions of the mountain chain consist of granite or 
highly metamorphosed rocks ; and these, by their supe- 
rior resistance to denuding forces, are left at comparar 
tively high levels, forming the rugged peaks which 
characterise so many mountains. In the present state 
of our knowledge, we cannot positively say whether the 
granite found its way up in a melted state from below, 
when the mountain range was formed, and thus by its 
heat helped to metamorphose the adjacent strata; or 
whether the heat produced by the lateral crushing to- 
gether of the strata to form the foldings was not sufficient 
to metamorphose the internal strata, even to the forma- 
tion of granite. 

101. Metamorphism. — Closelyconnected with the sub- 
jects of the interior heat of the earth, and the move- 
ments of its crust, is that of metamorphism. This is an 
important change which stratified rocks are capable of 
undergoing, and which so completely alters the chemical 
arrangement of their constituents, that they lose their 
original texture, and become more or less crystalline, 
often resembling igneous rocks, for which they are some- 
times mistaken. Frequently the crystals assiun^ t)^Q iQV^ 
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of mere plate% lying flatly one upon another, giving a 
Isft^iinated structure to fche rock, but the lamination is not 
necessarily parallel to the stratification (see 19, 33, 35). 

deavage, both slaty and schistose, is due to pressure. 
The flattened fossils which are found in slaty rocks are 
evidence of this, and the structure can be produced in 
many substances artificially. If a piece of soft wax be 
strongly compressed between two opposite surfaces, it 
acquires a laminated structure, the cleavage being per- 
pendicular to the direction of the pressure. 

Schistose and slaty rocks occur for the most part in 
the contorted and crushed rocks whickform mountainous 
districts, and we have to look for the pressure producing 
the cleavage and foliation in the lateral forces which 
produced the crumpling of the rocks. 

Heat is undoubtedly a principal agent in the meta- 
morphism of rocks. We know how the potter's clay is 
baked by heat into porcelain; and we should expect to 
find rocks subjected to great heat to have undergone 
somewhat similar change. In speaking of igneous rocks 
it has already been stated, that wherever these penetrate 
sedimentary strata, the latter become much altered from 
the baking ihey have undeigone. 

It would seem that, from the considerable rearrange- 
ment which has taken place among the chemical con- 
stituents of metamorphic rocks, some solvent power, such 
as that of water, must have been at work; and it is 
known that water, when intensely heated under great 
pressure, will dissolve quartz and many other minerals 
ordinarily insoluble. 

Examination of synclinal curves shows the strata in 
many cases to descend to great depths, probably within 
the reach of great internal heat. In this way many 
rocks have been metamorphosed, and have since been 
exposed by denudation, or by elevation and denudation 
combined. The heat developed by the lateral crushing 
of rocks aa a probable cause of metamorphism, in some 
cases, has already been referred tp. 
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By xnetamorpliic action, Bandstones become quariz 
rock, shales are changed into mica schist^ clay and slate 
into gneiss, and limestone into crystalline, limestone or 
marble. 

It was originally thought that metamorphism was 
confined to the oldest rocks only. Doubtless these have 
been subjected to the conditions of metamorphism many 
times, and are likely to be more completely metamor- 
phosed than younger rocks ; but observations show that 
metamorphic rocks may be of any age. 

102. Lodes. — Many of the older rocks are traversed 
by irregular veins of metallic ores, and other mineral 
matter, called lodes, A lode appears to have been 
originally a fissure, and this has subsequently become 
filled by the deposit of various mineral matters. The 
substances most commonly found in lodes are quartz, 
carbonate of lime (calc spar), carbonate and sulphate of 
copper, sulphide of lead (galena), oxide of tin, etc. It is 
not very dear how the lodes became filled with these 
substances; but it is probable they were deppsited from 
water containing them in solution, as it flowed through 
the fissures. They were formed in all cases at great 
depths, where the temperature and pressure would greatly 
aid the solvent power of water. 



CHAPTER il. 

Positions of Bocks. 

103. Positions of Rocks. — ^We began our study of rocks 
with an examination of their mineral peculiarities ; we 
then followed step by step the natural processes con- 
cerned in the production of new rocks ; and finally con- 
sidered those forces which produce great change in the 
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pomtion and internal constitution of the strata on vhidh 
they act. In this chapter we ahall return to the rooka 
themselTee, and study the various positions ia vhich 
fhey lie, and the relation thej bear one to another. 
This -will afterwards render important help in the study 
of geological history. 

104. Uapa and Sections. — In order to understand the 
geological structure of any district, it is necessary to 
, study the surface, and trace the boundaiy lines of the 
difierent kinds of rocks appearing at the surface ; it ia 
also necessary to examine sections or cuttings through 
the rocks, which show the inclination of the strata, and 
their relation one to aootherw 

By means of maps, the nature and extent of the rocks 
at the surface may be shown, and sectional drawings 
may be made to e^bit the inclination and relative posi- 
tion of the beds. The different rocks may be distinguidied, 
eitiher on maps or sectiona, by varieties of shading and 
marks ; b«t it is found more convouieat on maps to di»- 
tinguish them by colours, as this allows of the marking 
on the maps of the names of rivers, towns, roads, etc. 
In geological niapB, the colours selected have tisu^y 
some relation to the prevailing tint of the rock they 



105. Horizontal and Inclined Strata. — These terms 
explain themselves. Fig. 17 represents a group of 
horizon^ Htinta, and Fig. 18 inclined stratik By in- 




spection of Fig 18, it will be seen that while strata are 
inclined in one section, they ma.y appear to be horizontal 
in another section. 
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Strata of all inclinations occur, and in some cases the^ 
are even vertical, or on edge. Further than this, in- 
stances are known where the strata are actually inverted. 
106. Outcrop — Strike. — ^The exposed edges of strata, 

where they come to the surface, ia 
called their mitcrop ; and we are 
accustomed to say such and such a 
bed crops out at such and such a 
place. Miners call the outcrop of a 
stratum its basset edge. 

The direction in which the line of 

outcrop or basset edge of a bed lies, 

^^ ^* stated in the points of the compass, 

is called its strike. Thus, in the imaginary map. Fig. 19, 

the general strike of the beds is KE. and SW, 

1Q7. Dip — Clinometers. — ^The angle at which a bed is 
inclined to the horizontal is called its dip. This, of 
course, is the angle through which the bed has been 
tilted from its original position. 





Fig. 20.— Examples of dip. 

The dip of a bed must be determined in a section at 
right angles to the strike. The reason for this will be 
made dear on inspecting Fig. 18. In this diagram the 
section to the left hand shows the true dip, while in that 
to the right the strata appear to be horizontal. 

To measure the dip of strata, we require an instrument 
called a clinometer. The beginner would do well to con* 
struct a simple one for himself, and to make use of it in 
determining the true or apparent dip of strata in his 
own neighbourhood. A simple form of clinometer is 
shown in Fig. 21. It may he constructed of a piece of 
thin board about six inches square, a small plummet 
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being attadied near one comer, and a graduated arc 
of 90° marked on the board. Placing the clinometer aa 
Bbown in the figure, the plummet ^ 
marks the dip. The measurement . 
is more accurate if the clinometer 
is made to rest on the edge of a ■ 
long lath with parallel edges, which 
is held parallel with the Btrata. 

108. Cnrved Strata.— Strata are 
often curved, and we have had . 
ireqnent occasion to refer i 
curved strata. The curves may 
be of large radius, or be often 
repeated in the space of a few miles, or even yards. In 
cmr^d strata the dip continually varies. Hence, if we 
examine the same seiies of beds in different places, and 
find the dip is not constant, we infer that the strato 
are curved. 

Anticlinal and aynolind curves (75) are great folds in the 
strata, and often extend to considerable distances in the di- 
rection of their axes, 
that is, in the direc- 
tion of the length of 
the fold. "When the 
strata of synclinal 
curves dip towards 
a line or axis, they . 
form a trough. If „ ™ ■ „ „ , 

,1 J' i 1 ii 'Is- K.— Anticlinal mm. 

they dip towards the a b DiiKtion or ui<. 

same point, tbey 

form a batin. A vertical section through a basin shows 
a synclinal curve in whatever direction it is taken. It 
must bo remembered that the terms "trough "and "basin" 
do not refer to depressions in the ground itself, but only to 
the curvature of the strata Thus it happens sometimes 
that the strata fonning a hill are synclinal. When the 
curvature of strata is very sharp, and often repeated in a 
maaH space, the strata are stud to be contorted (Fig. 23). 
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109. Joints. — All consolidated strata are traTersed by 
plaaes of division perpendi<!ular to the stratification. 
Xliese divisional planes, called jointt, divide stista into 
cuboidal masses, giving tliem the appearance of having 
beea bnilt up of separate blocks, like Uie walls of a build* 
ing. Igneous rocks are also out byjointo, but these ars not 



Fig. 13.— Conbnttd itiiU. 

usuaUy SO regular in form as they are in stratified rocks, 
except in the case of lavas having a columnar structure. 
Joints facilitat« quarrying, and the subsequent &shion- 
iug of the stones. They owe their origin to the contrao- 
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110. Fanlts, — It has happened sometimee that^ during 
the movements of the eajih's crust, strata have been 
actually broken through, and so displaced that they do 
not correspond on opposite sides of the fracture, those on 
one side having a lugher elevation than those on the 
other. Such a fracture and displacement is called aJo/u^, 
Coal-miners, in following some particiUar bed, find it 
suddenly terminate on reaching a fault They have then 
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to seek the contiiiuatioii of the bed on the other eide of 
the faulty at a higher or lo'wer level ; and they term &e 
&ult an vplkrmo or dotonthrow, according as they have 
to rise or descend. The same fault would be an upthrow 
or downthrow according to Ha side it were approached 
from. 



ni. IE.— Iknn, 

111. Confbnnable and Unconfoimable Stratification. — 
When two series of strata lie parallel to each other, and 
t^eiv is no appearance of the first series having suffered 
denudation before the deposition of the second series, 



diey are said to be confonuable to each other. On the 
other hand, when one series of beds rests upon the de- 
nuded edgeu of another set, the two series are said to be 
unconformable to each other. 
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CHAPTER XIL 
Fossils — Classes of Andcals and Plants. 

112. Fossils. — The literal meaning of the word *' fossil " 
is something dug up ; but the term is now restricted to 
the remains of animals and plants, and impressions made 
by them, occurring in various rocks. 

It is only the harder parts of animals which are found 
fossil, such as bones, teeth, scales, crustaceous coverings, 
coral, etc. The parts of plants most commonly found in^ 
the fossil state are leaves, wood, bark,>and roots; more 
rarely firuits, seeds, spores, and spore cases. 

The study of fossil remains is called FalcBorUology.'^ 

113. Preservation of Animal and Plant Remains.—^ 
When animals or plants cease to live, chemical decom- 
position sets in, and their soft parts are speedily obliter- 
ated ; even their bones or other hard parts,- if siifficiently 
long exposed, crumble to dust. The operations of nature, 
however, frequently lead to the preservation of organic 
remains ; in the first place, by covering them up, and 
afterwards converting them into stone, when they are 
saved from further decomposition, and often become as 
permanent as the rock in which they are embedded. 

The following are some of the ways in which animal 
and plant remains become buried. Marine animals, as 
they die, fall to the bottom of the sea, and soon become 
buried by sedimentary matter ; the same applies to ani- 
mals living in lakes. The remains of terrestrial animals 
may be covered up by sand being blown over them, or 
by volcanic ashes falling on them, or they 'may in time 
be buried by the growth of peat-mosses. When rivers 
overflow their banks, the floods are often very destructive 
to animal life, and the bodies of animals may .become 
buried by the sUt left by the river, or they may be floated 
down to the river's mouth, and be enclosed in the depositB 
^ 6r. palaioa, ancient ; logos, an account ot 
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there. ^ Itemains of terrestrial animals are frequently 
found in aUuvial deposits. The preservation of animal 
remains by their becoming endosed in cave deposits has 
abreadj been alluded to (87). 

114. Fossilisation or PetrifBUStion. — ^Fossil animals and 
plants, while thej retain their original form, have lost all 
or most of their original substance, it having been replaced 
by a slow and gradual process from the mineral matter 
in which the remains were embedded. It often happens 
that the chemical composition of the fossil is totally 
different from the matter which composed it originally. 
Thus shells, originally composed of carbonate of lime, are 
often found converted into iron pyrites (sulphide of iron), 
when they have been embedded in clay. Wood, enclosed 
in sandstone, is changed into silica, while in limestone it 
is often converted into carbonate of lime. 

It must not be supposed that the process of fossilisation 
is one which can be watched or imitated, for it requires 
vast ages to accomplish it, and we find the change is not 
so complete in the fossils of the later rocks as it is in 
those of the older ones. 

For a fossil to be perfectly formed, it is necessary that 
the material in which it is embedded should be free from 
substances which would act destructively on the organic 
structure, and it is further necessary that the rock be not 
pervious to water. In the case of sandstones and other 
strata which allow water to percolate through them, per- 
fect fossils are not found, only casts and impressions of 
them. 

115. Preservation of Footprints and other Impressions. 
— Animals, in walking over the wet sand, mud, or clay 
upon the sea-beach or margin of a lake or river, leave 
impressions of their feet; and if these marks are soon 
covered up with sand or mud, quietly strewn over them, 
as by the rising tide, they may be permanently preserved, 
especially if the soft surface of the ground has been well 
baked by the sun before receiving another layer. In a 
sin^lar way are preserved worm tracts and burrow^ 
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ripple-inarks, sun-cracks, and even the impressions made 
by raindrops. Fine-grained flagstones on being splits 
often exhibit ripple-marks, rain-pittings, and other such 
markings. 

116. Nature of Deposits inferred from Fossils. — ^The 
nature of various strata, and the conditions under which 
they were deposited, can often be made out by an ex- 
amination of their ijoineral character ; but this is made 
far more easy by the study of their fossils. 

Ma/rine Deposits are known by their containing marine 
shells, corals, and other remains of animals which inhabit 
the sea. Deposits made in the neighbourhood of land 
may be told by their containing fragments of ^and plants, 
insects, and' larger animals inhabiting the land. 

Freshrwat&r Deposits are frequently recog^ed by their 
containing shells and bones of animals which only inhabit 
fresh water, and from the absence of all traces of marine 
life. The following shells, common in our ponds and 
rivers at the present day, are characteristic of fresh-water 
formations, viz. — Flcmorhis, Lymnea, Physa^ Pcbkidma, 
Anodon, Uhio. 

Ustucmm Deposits often contain both marine and 
fresh-water species, mingled with forms which are pectdiar 
' to brackisdi water. ^ 

Old Seorheaches can often be told by their beds of shells, 
as well as by ripple-marks, footprints, etc.. 

117. Classification of Animals and Plants. — ^Before 
proceeding to study the geological history of rocks, the 

, student must make himself familiar with the great-classes 
into which animals and plants are grouped. This is 
necessary, for the world's history is piincipally made out 
from the evidence aflbrded by fossil plants and animaLs. 

Every distinct kind of animal or plant constitutes a 
species, and receives a specific name. When two or more 
species closely resemble each other, but differ in some 
modiflcation of structure, they are grouped into one genus 
(pi. genera), and receive a generic name. To illustrate 
diis, let us take as examples the rabbit and the hare. 
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There are many different breeds of rabbits, differing in 
colour, length of hair, shape of head, etc., but they 
have no essential difference in their internal structure. 
Popularly we call all these breeds rabbits, and scienti- 
fically we say they are all vcMrieties of one species, and they 
receive the same specific name. The resemblance of the 
hare to the rabbit is striking, but at the same time we 
readily distinguish the one from the other by peculiaritiea 
of form, and these are connected with distinct modifica- 
tions of structure. The hare and rabbit are therefore 
said to be distinct species, but belong to the same genus. 
They have both received the generic name lepus ; the 
hare being hpua timidua, and the rabbit lepiia cunicuhia. 

Closely related in structure to the rabbit and hare, we 
have the porcupine, beaver, rat, mouse, squirrel, and a 
number of other animals. These are grouped into one 
ITatubal Obdeb called Bodentia. 

A number of natural orders having in common the 
same modification of some important structure, as the 
skeleton, hearty or respiratory organs, form one Class. 

Ultimately, all the claases are grouped into seven or 
eight Sub-kingdoms, the members of each sub-kingdom 
being bmlt upon the same general plan. 

What has been said of the grouping of animals into 
orders and classes also applies to plants. 

CLASSIFICATjbN OP ANIMALS. 

BUB-KINGDOM VEBTEBBATA. 

Animals with a vertebral cdlumn, or back-bone, com- 
posed of segments jointed together; each segment is 
called a vertebra. ' ^ 

The remaining sub-kingdoms. ar^c6llectively called the 
in/vertehrata. 

ChAaa I. — MoTrnnalia, or nji^iimals. Warm-blooded 
viviparous quadrupeds, with skins -'more or less hairy, 
and giving suck to their young. .Examples — ^lion, horse, 
whale. 
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Class il — Aves, or birds. Examples— eagle^ finch^ 
ostriclL 

Class iil — Heptilia, or reptiles. Cold-blooded quad- 
rupeds with scaly skins (legs sometimes absent). Exam- 
ples — crocodile, tortoise, lizard, snake. 

Class iv. — Amphibia, Animals having gills like a 
fish in early life. Examples — frog, toad, newt. 

Class v. — Fiscea, or fishes. Ex^ples — salmon, shark, 
eeL 

SUB-KINGDOM MOLLUSCA. 

Class l — Cephalopoda, Molluscs with a ring of arm- 
like appendages (tentacles) round their head. Many 
secrete shells consisting of a series of chambers. Exam- 
ples — cuttle-fish, nautilus, ammonite. 

Class ii. — Fteropoda, Molluscs which inhabit the 
open ocean. The clio, which is the principal food of the 
whale, is an example. 

Class iil — Fulmogasteropoda (pulmata). Air-breath- 
ing molluscs, secreting in most cases a spiral shell, con- 
sisting of one piece (univalye.) Example — common 
snail. 

Class iv. — Bramhiogasteropoda, Molluscs respiring 
by means of gills, and having univalve shells, usually 
spiral. Examples — ^periwinkle, whelk, cowry, limpet. 

Class v. — LdmelUhrcmchiata (conchifera.) Molluscs 
with shells of two pieces (bivalve) hinged together. The 
two halves are usually like each other, but are right and 
left, like a pair of gloves, and coire^ond to Z right 
and left of the animal. Examples — oyster, oockle, 
mussel, scallop, and all ordinary bivalves. 

SUB-KINGDOM MOLLUSCOIDA. 

Class i. — Asddioida, Marine animals with soft bodies ; 
not known in the fossil state. 

Class il — Brachiopoda, Have bivalve shells, the 
two halves being imlike each other, and correspond tp 
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the upper and lower parts of the animal. Examples — 
terebratula (lamp-sheUs), lingula. 

Class hi. — Folyzoa, Compound animals^ usually re- 
siding on a branched stem, which each individual helps 
to form. Example — searinat (flustra). 

sub-kingdom coelenterata. 

Class i. — Actinozoa, Examples — ^searanemonOi coral 
polyp. 

Class il — Hydrozoa, Example — ^hydra. 

sub-kingdom annulosa. 

Animals with bodies in jointed segments. 

Class l — Insecta or insects. Examples — ^bee, butter- 
fly, beetl«». 

Class ii. — Myriapoda, Example — centipede. 

Class hi. — Arachnida, Examples — spider, scorpion. 

Class iv. — Crustacea. Example — ^lobster, crab, wood- 
louse. 

Class v, — Annelida, Examples — earthworm, leech. 

sub-kingdom annuloida. 

Class i. — Scolecida, Examples — ^tapeworm, rotifer. 
Class ii. — JSchinodermata. Examples — sea-urchin, 
8tar-£sh, sea-lilies. 

sub-kingdom protozoa. 

Class i. — Infusoria, Microscopic animals living in 
water. 

Class ii. — Spongida, Example — ^sponges. 

Class hi. — Badiolaria, Microscopic animals, usually 
with silicified coverings. 

Class iv. — RMzopodu, Example — ^foraminifera. 

Cl<ASS V, — Grega/rinida, Internal parasites. 
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CaiiASSmOATION OP PLANTa 

SUB-KINGDOM PHANEBOGAMIA. 

Flowering plants, producing seeds containing the rudi- 
ments of the future plant (embryo). 

Class i. — ZHcotykdams or Exogena, Plants with 
two seed-leaves, net-veined leaves, and having their new 
wood packed outside that already formed, giving rise to 
the appearance of concentric rings in a cross section. 

Svihclass, — Angiosperma, Seeds in a seed-vesseL 
Examples — all British trees but conifers ; also buttercup, 
rose, convolvulus, nettle. 

JSuh-claS8, — Gyrrmosperma. Seeds naked. Examples 
— coniferse (cone-bearers), as fir, larch, cypress, cycads. 

Class ii. — Monocotyledonea or Endogena, Plants with 
one seed-leaf, parallel-veined leaves, and having their 
new wood packed inside the stem. Examples — palms, 
bananas, aloe, lily, onion, rushes, grasses. 

SUB-KINGDOM CBTPTOGAMIA. 

Flowerless plants, producing spores containing no 
embryo. 

Class l — Acrogena, Ferns, equisetums (horsetails), 
lycopodiums (club mosses), and mosses. 

Class il — ThaUogena, lichens, fungi (mushroom, 
toadstools, etc.), algae (sea-weeds). 



CHAPTER Xin. 

Relative Age of Bocks. 



118. Relative Age of Strata. — ^When one stratum rests 
upon another, we infer that the lower bed was com- 
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pletely deposited before the upper bed waa commenced. 
Thus, in the three beds marked 1, 2, and 3, we know 
that 1 is the oldest, and 3 the newest It is clear, also, 
that if fossils are found _ ,3 2 

in 1 , the animals or plants -''"'"■* '■ -~ -^^^"^^^^ 
liv^ and died before 2 
was deposited. 

By observing how 
strata rest one upon the 
other in various places, Fig. 27. 

geologists are able to 

nmke out the order of succession of stratified rocks, and 
to construct tables showing their superposition. These 
observations are much facilitated by the exposure of 
the edges of strata by denudation, especially where the 
strata are inclined. 

If we confine our observations to rocks of the same 
age, we find that whUe some of the fossils are local, many 
are constant throughout, occurring wherever the rocks 
are found. In passing, however, to newer rocks, we find 
a change in the fossils ; species which characterised the 
older rocks have disappeared, and have been replaced by 
others, many of which in their turn characterise these 
newer rocks. Thus we find that 'each age of the world 
had its own peculiar animals and plants, its fauna and 
Jlora, This "succession of life in time" having been 
established, and having a knowledge of the fossils which 
characterise the difierent periods, we are able to discover 
the geological age of many strata, even when we cannot 
trace their superposition. 

Bocks of the same age have often peculiarities in their 
minerc^logical structwre^ and may sometimes be recognised 
in distant places by this means alone. 

It sometimes happens that we can tell which is the 
older of two series of strata, by one series containing 
fragments derived from the waste of the other series. 

119. Geological Time. — ^In the structure of the earth 
we have everywhere evidence of the lapse of great perioda 
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of time. It haa been ascertained that if all British strata 
were superposed in chronological order, it would make 
an aggregate thickness of nearly twenty miles. All this 
has beeii slowly accmnnlated in a similar manner to that 
in which beds of sand, mud, and ooze are now aocnmu- 
lating in lakes and in the sea ; hence a vast duration of 
time is represented by the strata alone. 

The change from one bed to another of a different 
kind also represents time. For instance, if we £nd a bed 
of conglomerate resting on one of limestone, we know 
that an interval of time must have elapsed, unrepresented 
by deposition, during which interval the movements of 
the land, or other causes, gave rise to altered conditions 
in the district. We must not forget that intervals at 
one place may be represented by actual strata at en- 
other. 

Unconformable stratification implies the lapse of a long 
interval of time between ihe deposition of the two 
series of beds. Thus, in Fig. 26, it is clear that after the 
beds marked 1 had been deposited, they must have been 
elevated^ denuded, and again depressed, before the depo- 
sition of the series 2. 

120. Change of Species in Relation to Intervals. — It 
has already been said l^t each age of the world has its 
own peculiar animals and plants, and, consequently, the 
rocks of different ages are characterised by peculiar 
fossils of their own. When we examine the fossUs found 
at various depths in some thick stratum, or series of 
closely related strata, we find that the species change 
very gradually ; but when v^e pass from one stratum to 
another of a different kind, above or below it, we often 
find a considerable difference in the species. The more 
abrupt the change from one series of strata to another, 
the greater is the change in the species. 

Unconformable stratification is always accompanied by 
more or less complete change of species. 

121. Grouping of Strata According to Age. — Strata 
mostly occur in groups, the beds making up each group 
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being closely related in lithologicaP characters, and having 
similar fossils throughout. Such a group of strata is 
called a formation. For instance, in "Wales we have a 
series of dark shales and flagstones, characterised by a 
fossil shell of the brachiopod class, called Linffulelia, l^is 
series forms one formation, and is known as the Lingula 
Flags, A formation is really a series of deposits which 
have taken place at a sea-bottom, undisturb^ for a long 
period of time. 

Formations, in their turn, occur in natural groups or 
series, the groups of formations being separated from 
each other by unusually great changes in ^e nature of 
the strata and their included fossils. Thus we have the 
Silurian formations, the Oolitic formations, etc. 

In British strata there is one unusually great break 
represented by imconformity and great change of spe- 
cies. Advantage is taken of this break, and also of 
another somewhat less marked, to divide all strata 
into three great groups, or, rather, to divide time into 
three great periods. Each of these periods is charac- 
terised by the nature of its animal and vegetable life. 
They are as follows, placing the oldest at the bottoii^ : — 

HI. Tertiary or Cainozoic (new life). 
II. Secondary or Mesozoic (middle life). 
I. Primary or Palaeozoic (old life). 

It will be convenient now to give a list of the principal 
British formations in their chronological order, the oldest 
being placed at the bottom. 

^ 6r. lUhoSf stona 
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TABLE OF BRITISH FORMATIONS. 

Recent. • 
Post-Pliocene. 
Kewer Pliocene. 
'Older Pliocene. 
Miocene. 
Eocene, 



Ceetaceous, 



Wealden, 



\ Oolite, 



AND 



Upper, 
Middle, 

Lower, 



Lias, 



Trias...... 

Permian, 



Carboniferous, 



Devonian and Old ) 
Red Sandstone, ) " 



Silurian,' 



Upper, 



Lower, 



Cambrian. 
Laubentian. 



...Lower, Middle, and Upper. 

! Chalk. 
Upper Greensand, 
Gault. 
Lower Greensand. 

Wealden. 

Purbeck Beds. 

Portland Oolite. 

Kimmeridge Clay, 

Coral Rag. 

Oxford Clay. 

Combrash. 

Forest Marble. 

Bath or Great Oolite. 

Stonesfield Slate. 
, Inferior Oolite. 

Upper lias. 

MarlstOne. 

Lower Lias. 

Rh»tic Beds. 

Keuper (New Red Marl). 

Banter(NewRed Sandstone). 
( Magnesian Limestone. 
\ Rothliegende. 

fCoal Measures. 
Millstone Grit. 
Upper Limestone Shale. 
CaAoniferous Limestone. 
L Lower Limestone Shale, 
f Upper. 
\ Middle. 
I Lower. 

( Ludlow Group, 
-j Wenlock Group. 
I Upper Llandovery Beds. 
f Lower Llandovery Beds. 
^ Bala and Caradoc Beds. 
■! Llandeilo Beds. 

Tremadoc Slates. 
tLingula Flags. 
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122. General Strnctore of Great Britain. — ^Fortunately 
for us, Great Britain affords examples of fdmost all known 
formations. In this respect we have an advantage over 
manj countries, where thousands of square miles are 
sometimes occupied by one or two formations. The 
beginner, therefore, by making short excursions into the 
country, may observe, with his own eyes, many of the 
formations mentioned in the table of strata given above. 

Before proceeding further, the student should provide 
himself with a coloured geological map of Great Britain 
— T^lmost any one will do for general purposes ; but he 
should procure, in addition, the quarter sheet issued by 
the Geological Survey which embraces his own neigh- 
bourhood. 

If the student will now examine such a geological map 
of Great Britain, he will observe that the Mesozoic and 
Cainozoic rocks occupy the middle, eastern, and south- 
eastern portions of England, while the older, or Palseozoic 
rocks occupy Cornwall and Devon, Wales, North of Eng- 
land, and Scotland: The Tertiary rocks, it will be seen, lie 
principally in two districts, called the London basin, and 
the Hampshire basin, respectively. When the Tertiary 
clays and sands of the London basin are penetrated by 
borings or wells, the CJudk is reached, and beyond the 
limits of the Tertiary strata, the members of tiie Creta- 
ceous strata come to the surface in succession. Tracing 
the Cretaceous formations towards the west, we at length 
find the OolUe coming up from under them ; the members 
of the Oolite having, like the Cretaceous strata, a general 
dip to the east. Passing across the outcrop of the Oolitic 
series as they come to the surface one after another, we 
come to the Lias; the Oolite, in many places along the 
boundary, forming an escarpment which overlooks the 
Xias, plainly showing that at one time the Oolite extended 
farther to the west than it does now. The Chalk, how- 
ever, extended even farther than the Oolite; and an 
isolated patch will be seen on the map, which rests directly 
on the Trias and Paleeozoic rocks in Devonshire. Still 
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farther to the west, we reach the Trias, coming up from 
under the Lias. Proceeding farther, we come upon the 
Palaeozoic rocks, which cover at least two-thirds of the 
whole island. Being more disturbed than the newer 
rocks, the Palaeozoic strata have not the same uniformity 
of dip as the former ; but still, the general dip is to the 
east ; and we find the lowest members, for the most part, 
in the extreme west and north, — ^the oldest known rocks, 
the Laurentiom, occurring in the Hebrides and north- 
western extremity of Scotland. 

The Palaeozoic strata are usually highly indurated, 
often metamorphosed, and associated to a great extent 
with igneous rocks ; and having suffered much by denu- 
dation on account of their great age, confer upon a great 
portion of the island a rugged and mountainous character. 

We shall now proceed to study the various formations 
in their chronological order, commencing with the oldest. 
In the study of rocks, palaeontology must necessarily 
take a prominent position, not only on account of the 
great importance of fossils in identifying formations, 
but from the fiEict that the distribution of life in time is 
an important study in itself. It is hardly necessary to 
mention, that in studying the various formations, con- 
stant reference should be made to maps, sections^ and 
fossila 



CHAPTER XIV. 

PAL2B0Z0IC Formations. 

123. Antiqnity of the Oldest known Bocks. — In be- 
ginning our study of geological history with the oldest 
known rocks, we do not at first acquire so strong an 
impression of their antic[xiity as we shall on looking 
back upon them when we have glanced at the history 
of the long succession of rocks which followed them. 
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When, however, we think of the vast number of strata 
that are proved by superposition to be of different a^es, 
their miles of aggregate thickness, the slowness with 
which these deposits were made, the many breaks pointed 
out by intervals, and the vaster ones represented by un- 
conformities, we do form some vague idea of the remote 
period of time at which we commence our geological 
history. 

Even the oldest known rocks are stratified, which 
points at once to a period still more remote, when other 
rocks existed, which, by their destruction, furnished the 
material composing these. 

Laubentian Series. 

124. Lanrentian Bocks. — ^The oldest rocks at present 
known in the British Isles occur in the outer Hebrides, 
and in the north-western parts of Sutherland. They are 
probably of the same age as that of a vast series of rocks 
occurring in Canada, on the shores of the St Lawrence, 
from which river the name of the group has been derived. 

Both in Canada and Scotland the Lanrentian rocks are 
overlaid by strata considered to be of Cambrian age, but 
no rocks have hitherto been discovered underlying them. 
Li this way they are proved to be older than all other 
known rocks. 

The Lanrentian rocks of Canada consist of highly meta- 
morphosed sedimentary strata^ not less than 30,000 feet 
(over five miles) in thickness. They are divided into 
two series by an unconformity, the upper series lying 
imconformably on the lower. Gneiss is the principal 
rock; but in the lower series it is interstratified with 
beds of crystalline limestone. 

Li Scotland the Lanrentian rocks are much contorted, 
and consist, like the Canadian rocks, of gneiss, with 
occasional beds of altered limestone. 

125. Lanrentian Life. — ^The Lanrentian rocks are so 
old, and so much altered by metamorphic action, that we 



should scarcely expect to find any trace of animal or 

vegetable remains in them. But in the limestones of 

the lower I^urentian rocks of Canada, a fossil occnrs 

named Sozoon?' Oaruzdenae. It consists of calcareous 

layers of what was once a series of cells ; the cells, for- 

meriy occupied by the soft bodies of the animals, being 

now filled up with calcaieous 

matter. The cells commnni- 

catedwith each other,andwere 

, built up layer upon layer, so 

that large i-eefa of limestone 

■were, formed resembling the 

reefs built by the coral polyp 

at the present day. Under Uie 

microscope the cell walls of the 

„ Wg. S8. Eozoon are seen to. be pierced. 

by mtiny minute tubes [tubuit), 

which shows it to belong to the group of a.nimfllH call«l 

Other species of Eozoon have been lately discovered in 
rocks believed to be Laurentian, in Bavaria, Bohemia, 
and Finland, No fossil has yet been discovered in the 
Irfiurentian rocks of Scotland. 

Independently of the existence of the Eozoon, the very 
beds of limestone themselvea indicate the existenoe of 
animal life at this period; for we know of none but 
organic means by which thick and extensive beds of 
limestone can be formed. Also, occasional layers of 
graphite^ are found in the Canadian rocks, which reader 
the presence of plant life probable. 

Caubbiak Series. 

126, CEunhrian Bocks. — A series of sandstones and 
slates, older than the Silurian, appear at the surface in 



of the element carbon. 
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several small areas in North Wales. These are called 
Ccmbricm,'^ They dip below the Silurian to the east, and 
make their appearance again in the Longmynd, a hilly 
district in Shropshire, and in a few other isolated patches, 
one as far to the east as Chamwood Forest in Leicester- 
shire. In the Longmynd the series is over four miles 
in thickness. ' 

Cambrian rocks occur also in the English Lake district, 
in Ireland^ Bohemia, and elsewhere. 

Li the absence of fossils, it is difficult to assign the 
proper age to strata when the test of superposition fails 
us. For example, in Canada the Laurentian rocks are 
covered by a thick series of unfossiliferous slates and 
quartzites, called the Huronian group ; and these, in their 
turn, are overlaid by Silurian rocks, the latter being easily 
identified by their fossils. Again, in the north of Scot- 
land the Laurentian gneiss is covered imconformably by 
a group of strata consisting- of red and purple sandstones 
and conglomerates destitute of fossils ; and upon these 
rest, also unconformably, metamorphosed rocks of Silurian 
age. We infer at once that the Huronian rocks of Canada, 
and the group of sandstones and conglomerates of Scot- 
land, are both newer' than the Laurentian, and older than 
the Silurian ; but there is nothing to show that they were 
actually contemporaneous with each other, or with the 
Cambrian. 

The rocks overlying the Laurentian rocks in Scotland 
are provisionally called Cambrian. The conglomerates of 
this series are partly made up of pebbles of gneiss, evi- 
dently derived from the Laurentian rocks which formed 
land at the time. More than this, the pebbles inform us 
that the Laurentian rocks were already metamorphosed 
into gneiss when the formation of the conglomerates 
commenced. 

Many of the Cambrian sandstones are rain-pitted and 
ripple-marked, showing them to be shore accumulations. 
Bed and purple sandstones are common; and as later 
^ From Ckmbriat the ancient name of "Wales. 
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red rocks prove to be for tiie most part of lacuBti'iiia 

origin, it is not onlikelj that many of the Cambrian. 

strata were deposited in large lakes, possibly fresh-water. 

The Cambrian slates of North Wales are quarried to a 

large extent. The lar- 

igeet slate quarries in the 
world lie in the Cam- 
brian rocks of Camar- 
Tonshire. 
127. Cambrian Fos- 
dla.— The fosailB hith- 
erto furnished by Cam- 
brian strata are scanty 
and of few speciea At 
Pi<.M.-<Mdli«iiiUT»ai«U[a«nUqii«. Bray Head in Ireland, 
two spectes, probably 
belonging to the polyzoa, have been found, and named 
Oldhamia radiata and 0. antiqva respectively. 
Worm tracts and burrows have been found in the 
~ liongmynd. More lately, the Cam- 

brian beds in the neighbourhood 
of St Davids, Pembrokeshire, have 
I yielded, besides lower forms, brachi- 
1 I opods, pteropods, and trilobites, some 

I of the latter of very lai^ dze. 
I f The trUolnte was a crustacean, and 

' the order to which it belongs par- 
ticularly characteiiBes the FaUeceoio 
rocks from the Cambrian to the 
Devonian. It derives its name from 
the three longitudinal lobes into 
which ita body was divided. It was 
protected on tiie back by a cmstace- 
ous covering consisting of a plate 
Cinwifn wiDbit* Shielding the head, belowwhichwere 
Tirjrtoii^ DiTiditx a series of segments jointed together, 
i-"'""*-^-*"- andterminatedbyatail-plate. These 
hard coverings are the only parts found fossil. Littie 
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or nothing is known of ihe covering and appendages of 
the ventral portion of the animal. 

Silurian Formations. 

128. Silurian Rocks. — ^The Cambrian rocks in Wales 
pass upwards without any apparent break into the lowest 
of a series of rocks called SUwriom?- These cover a large 
portion of Wales, and extend into the neighbouring 
counties of England. 

An uiMjonfoimity separates the series into two groups 
— Slower and upper. The former are mainly exposed in 
the west, and the latter in the east of the district above 
mentioned. 

The following is the succession of the Silurian forma- 
tions in Wales and adjoining counties of England 



Upper, 



Ludlow Group, 



Wenlock Group, 



Lower, ■ 



Tilestones, . 
Upper Ludlow, 
Aymestry Limestone, 
^ Lower Ludlow, 
Wenlock Limestone, 
Wenlock Shale, . 
Woolhope Limestone, 
LTarannon Shale, . 
^ Upper Llandovery Beds, 
Lower Llandovery Beds, 
Bala and Caradoc Beds, 
Llandeilo Beds, . 
Tremadoc Slates, • 
^Lingula Flags, . • 



Feet. 

1000 

900 

150 

000 

150 

1400 

50 

600 

900 

1000 

6000 

5000 

1000 

5000 



V/EST 



IA31 




Cambriaii rocks. Lfngnla Flags. Dandeilo 

Flags. 



Bala Beds. 



Upper 
Silurian. 
Lower Llandovery. 
Fig. SL^Section across the country sonth of Lake Bala. 

Lingula Flags. — ^This is a series of dark shales and 

^ From the SUures, a tribe of ancient Britons who inhabited 
part of South Wales. 
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flagstones wliich conformably succeed the Cambrian rocks 
in Wales. They owe their name to a fossil they contain 
called LinguleHa (formerly called LingiUa). 

TreTnadoc Slates, — ^This is a local formation, occurring 
only in the neighbourhood of Tremadoc in Carnarvonshire. 

Llandeih Beds, — ^These consist mainly of dark slates 
and sandy flagstones, with occasional beds of sandstona 
They are exposed in the neighbourhood of Llandeilo, 
also in North Wales. 

Bala Beds, — ^A group of strata developed in the neigh- 
bourhood of Lake Bala, consisting chiefly of slates, shales, 
and grits, with two beds of limestone. (Fig. 31.) 



WEN LOCK 

EDGE 



CALLOW 
HILL 




Lower I Woolhope Wenlock 
Silorian. Limestone. Shale. 

Upper IJandorery. 



Wenlock Lower 
Limestone. Ludlow. 



Upper 
Ludlow. O.R.S. 



Aymestry Limestone. 



Fig. 82.— Section across Wenlock Edge. 

Lhmdovery Beds, — ^These are often denominated the 
passage beds, connecting, as they do, but with missing 
links, the Lower and Upper Silurian series. They are 
well exposed in the neighbourhood of Llandovery in 
Carmarthenshire. The lower beds consist of conglo- 
merates, sandstone, and shales, and upon these lie un- 
coTiformably, the conglomerates and sandstones of the 
Upper Llandovery formation. It is this unconformity 
which separates the upper from the lower Silurian. 
These beds are also known as the Fenkmierus Beds, from 
the large niunbers of a fossil brachiopod of this name 
found in them. 

Wenlock Group, — ^This group consists mainly of lime- 
stone and shales. It is well exposed in several parts of 
Herefordshire and neighbouring counties ; for example, 
at Wenlock Edge (Fig. 32), Woolhope Yalley, and the 
west flanks of the Malvern Hills. 
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Ludhw Group. — TMs group also conaiata of limestones 
and shales, and is developed, among other places, kbout 
Ludlow in Shropshire. 

Silurian rocks also occur ia the Lake district 
(Cumberland and Westmoi'eland). The formations in 
this district usually differ in lithological characters 
from ■diose in Wales, but the geological horizons re- 
pi-esented by the formations in Wales have been traced 
in them,, principally by aid of the fossils they con- 

The Highlands of Scotland mainly consist of lower 
SUurian rocks. These lie unconformably on the Cam- 
brian, and are much crumpled and metamorphosed, being 
changed into quartzites, gneiss, and schists, and associated 
with great bosses of granite and syenite. There are also 
some beds of altered limestone which have yielded a few 
fossils, and it is by means of these fossils Ukat the soies 
are recognised aa Silurian. 

Interbedded with the Llandeilo and Bala Beds in North 
Wales, are many volcanic lavas and ashes, indicating the 
action of marine . 
volcanoes in these ' 
times. Snowdon 
exhibits many beds 
of this descri[>- 
tion, some of which 
are of great thick- 

l29.8iliirianFo&- 
^S. — Silurian 

rocks, especially 
the upper ones, 
abound with fossils 

belonging to many Flj. iS.—OraptaliUM. 

different classes, 

&om fishes downwards, and with one exception (a land 

plant) they are all marine forms. 

Land Plamts are represeuted in the T7pper Ludlow 
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Beds by the spore cases aud fragmenta of a CTTptogamio 
plant This is the first appearance of land pimts. 

Geaptolites (pen-atones, Fig. 33) are very character- 
istic, being only known in Siliman rocks. They first 
appear in the TVemadoc Slates, become abundaJit in the 
Llandeilo and Bain Beds, are scanty in the Upper Silurian, 
and disappear before its dose. 



GoBALS are abimdanlf ancli as Onvphyma, Fanontes, and 
Halyntet (chain coral). 

Brachiopoda are Tery conunon. lAngvieUa Davigii 
ocouts in the Xingula Hags. Uie genua to vhiidi it 



ng. ti.—Atrypa ntlnilarli. Tlf. S9.— SenixAomflia 
UiudOTOT (0 Lndlow. dfpran. wmlock 

FUgi, and Ludlow. 

belongs closely resembles the living genus lAnguJa. The 
genera Ortlm, Spir^era, ShynconeUa, Pentamenta, and 
Alr}/pa, oocnr plentifully. 

Lahellibrahchiata (ordinary bivalves) are repro- 
sent«d, but the number of species is far exeieeded by the 
braduopod bivalves. 
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GabtebopodA. — Mur^iamtia and £iiWiphahit are 
abundant. 

ftEBOFODA. — ^Ibe genera T/teca and B^lerop/ion are 

e^mplea. 

Cephalopoda. — This class makea its first 
appearanoe in the Tremadoo Slates. Orlho- 
ces-as (straight Iiom) is the most important 
genos. 

ECeinoderuata are represented hyPalceaa- 
ier (a star-fish) and Peeudocrimua (an encrinite). 

Ckottacka. — Trilobitet are very abundant ; 
many genera and species occur. Figures of 2H- 
nucleiu, Phaeops, and Calymene, are given; 
these are ■well known, as are also Olemu, 
Ogygia, Asaphut, lUeenua, Ampyx, and Somor- ^it 40.— or- 
lonolue. Some of the trilobites seem to have (AounM on- 
had the power of roUing themaelTes into a btdl, "^JtllSiu^t* 
as the woodlouse does ; the Oalymene is often 
found in thia condition. The Lingula Flags yield a . 
shrimp-like crustacean called Symenacarig, 



PIj. a.—riuwopi Fli, *l— TriniutoW Ilg. a.—Calmau SlmiKii. 

eavdiitm. Uppar ^uibriahu Llui- lachii. Itald to Ludivw. 

BUUTliD. dallo. 

Fish Keuaiss. — Teeth and fragments of bono nra 
common in a stratum at the top of the Upper Ludlow 
known as the "Bone Bed." A fossil fish has even been 
found in the Lower Ludlow, and is the oldest known 
vertebrate. 
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Old B.ED Sandstoi^ mstd Devonian Formations. 

130. Old Red Sandstone Rocks. — ^In the district about 
Herefordshire and Shropshire, the Tippermost beds of 
the Silurian series pass insensibly into a group of red 
sandstones, flagstones, conglomerates, etc., knowh as 
the Old Red Sandstone. Similar rocks occur in Scot- 
land and Ireland. The prevailing rock is sandstone, 
coloured with red oxide of iron; hence the name 
"Bed Sandstone." It is further called "Old," to dis- 
tinguish it from the New Red tSandetane, a formation of 
the Trias. 

In Scotland two distinct tinconformities separate the 
Old Bed Sandstone into three series, called Lower, Middle, 
and Upper. These unconformities have not been observed 
in the Herefordshire district, but still thej may exists for 
the whole of the series is not exposed. Parts of the 
Old Bed Sandstone often lie unconformablj on both 
Upper and Lower Silurian Bocks. 

In the Herefordshire district the Old Bed Sandstone 
is 8000 or 10,000 feet in thickness, but in Scotland it 
does not reach more than half this thickness. 

131. Old Red Sandstone Fossils. — ^Wbere the Uppei 
Silurian passes into the Old Bed Sandstone, as in Here 
fordshire and Staffordshire, the Silurian species present in 
the " Passage Beds " gradually become dwarfed and few 
in number, and soon disappear, being replaced by others, 
chiefly remains of flshes, crustaceans, and plants ; but 
none of these are at all plentiful Marine sheila and 
corals are entirely absent. 

Land Plants. — fragments are frequently found in the 
upper beds of the Herefordshire district, Ireland, and 
elsewhere. They consist of club-mosses, tree-ferns, Lepi- 
dodendron, etc. 

Shells. — ^No shells are found in the Old Bed Sand* 
stone of Great Britain. In the upper beds in Ireland a 
bivalve shell is abundant^ resembling the fr^sh-water 
mussel of English rivers {Anodon) j it is called AnodotUa. 
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Ceustacea, — EemaiuB of large crastaceanB a 
iu Forfarahire, to which the name ." 
The qimnymen call them seraphimi 
had elongated bodiea like the 
lobster, and -were often 6 or 6 ^ 
feet in length. Among the re- 1 
mftins of numeroua graBg-Iite ' 
plants foiind in tieee rooks, occur 
groapB of semi-globular bodies, ^■*' 
called berries by the quariTnieti. 
They resemble the e^s of crustaceans; and as they 
are sometimes accompanied by the remains of the Ptery- 
gotns, it is highly probable they 
ore the egg packets of that crus- 
tacean. 

FiSttBs.— The Old Bed Sand- ' 
atone ia remarkable for its fish 
remains, vhich are so nnmeroua 
that the period has been styled 
the "Age of Fishes." Fish 
remains are especially abundant 
in the Old Bed S<utdatone of 
Scotland. The fishes were mostly 
of the gemoid ^ lype, being cover- 
ed with bony and enamelled 
plates, like tiie sturgeon now 
living. Some were pJacaid,^ 

the skin being dotted with qu- Pig, «.— PffTMrrfiaanififcM 
merous smdl plates or pointe <""™'^ V«i^ix«. 
of hard bony matter, like the shark. In no case woa 
the akeletou perfectly hardened, and their tails were all 
unequally lobed. Among the most remarkable of these 
fishes are Asierolepis, a huge fish, often attaining a length 
of between 20 and 30 feetj Hohptychivs, also a large 
fish, and having peculiar wrinkle-like marks on its scales ; 
Pterichihya, covered with large bony plates, while its 
single pair of fins takes the form of paddles, and b^ng 

^ Gr. ganoa, brightness. * Gr. pUx, a flat pUte. 
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placed near the head, looks like a pair of wings; 
Cephalaspia, remarkable for the peculiar shield-like plates 
about its head ; Osteolepis, CoccodteifS, and Dipt&rvs may 
also be mentioned. 




Fig. 46.— Oronp of Old Bed Sandstone FUhei. 
a Eoloptychiu9, b Cqphalaspit. e PUrichthyi, 

132. Conditions nnder which the Old Red Sandstone 
was Deposited. — ^The Old Ked Sandstone appears to have 
been deposited in great inland lakes, probably salt at 
firstj but at length decidedly fresh-water. We are led 
to this conclusion by the following considerations. The 
change of species accompanying the gradual passage of 
the Upper Siltu:ian into the Old Bed Sandstone implies 
a chaise of conditions, the new conditions having been 
unfavourable to ordinary marine life, as no marine shells 
or corals occur, and calcareous beds are altogether absent; 
the land plants indicate the nearness of land ; and the 
fishes, the genera of which have long been extbict, have 
their nearest representatives living in African rivers, 
and in lakes and rivers of North America. 

It would seem that during the later part of the Silu- 
rian period, the neighbourhood of the British Isles, at 
least, was slowly rising, and at length the Silurian dis- 
tripts in Wales^i Cumberland^ and Scotland became Ifvnd, 
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enclosing a series of extensive lakes, in which the Old 
Bed Sandstone was deposited, the material being derived 
from the waste of the surrounding Silurian and older 
rocks ; the red oxide of iron, which is so prevalent in this 
formation as a colouring and cementing material, having 
been probably derived from the waste of igneous or meta- 
morphic rocks. 

The base of the Old Bed Sandstone in Scotland con- 
sists of conglomerates, among which are many huge 
masses, so large as to render it scarcely possible that 
water could have carried them to the place where they 
are found. Moving ice seems. to be the only agency 
capable of transporting and accumulating blocks of so 
great a size. Hence these coarse conglomerates of Scot- 
land point to a cold dimate at this period, when glaciers 
ploughed their way down the valleys of the early Scottish 
motintains, and deposited their moraine rubbish in the 
Old Bed Sandstone lakea 

133. Devonian Rocks. — ^In Devon and Cornwall a 
series of calcareous and slaty strata overlie the Silnrian 
Bocks, and are in their turn overlaid by strata of the 
Carboniferous age. This formation is termed Devonian ; 
it is probably conteAiporaneous with the Old Bed Sand- 
stone. 

The Devonian Bocks are all much disturbed, contorted, 
and intermingled with igneous rocks. They are usually 
divided into three groups. Lower, Middle, and Upper. 

The term Devonian is sometimes applied to the 
whole period intermediate between the Silurian and 
Carboniferous, and including the Old Bed Sandstone, 
Bocks of this age are extensively distributed throughout 
the world. In the United States, Devonian Bocks cover 
an area nearly as large as Europe. 

134. Devonian Fossils. — The Devonian Bocks abound 
with corals, marine bivalve and univalve shells, trilo- 
bites, etc. ; and in this respect contrast strongly with 
the Old Bed Sandstone. The nature of the Devonian 
fossils places its TPSrin^ origin beyond a doubt ; hence, if 
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this formaUon ia contemporaneous with the Old Bed 
Sandstone, it gives us a clue to the m&rine condi- 
tions coincident with the continental state of things 
represented in a &agmentaiy manner by the " Old Red " 
deposits. 

Plants are r^resented by similar species to Hiose 
■~" - of the Old Bed -Sandstone. 

In Korth America, plants 
I are very abundant, and re- 
semble for the most part 
hose of the Carboniferous 
leries lying above. 
CoRAi£ are very abnu- 
I dant. Cyathiophylhart, Pa- 
I voiilea, Sponffileg, and IleU- 
I oliiM, are examples. 
* j.^**: . Shells, — Amoncthebra- 

& Danin. ciuopods, the genera ijjMrt^^r, 

Stringocephdtut, and Atrypa 
are common. The conchlfer Megaiodon is characteristic. 
Gasteropods are represented by Euon^hahta and J/ur- 
e/iisonia. Thecephalo- 
pods Olyinaiia and 
Goniatitei occur in the 
I 1 upper beds. 

I I Crustacea. — Trilo- 

I bites are represented 

by Brontet, Phacops, 
Homalonotu8, and 
other genera. 

Inseots. — Several 
swf^-JJU- uj'^k^ !P«>i^ ?^^ to the 



,.,jjT ,; , dragon-fly have lately 

Middle ntTooiui. . " . ^ , . ,, _,•■ 

been found in the De- 
vonian Rooks of Canada. These are the oldest known 

Yertebbates. — Fish remains oconr, but are rare in 

the Devonian rocks of England 
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Carboniferous Formations. 

135. Carboniferous Rocks. — ^In South Wales the Old 
Bed Sandstone is conformably succeeded by a series of 
black shales, which form the base of the group of forma- 
tions csHed' CcMrboniferous. This name has been given 
to the group on account of the remarkable prevalence in 
it of beds of coal. In several places Carboniferous 
Bocks are found lying directly and unconformably upon 
Silurian, and even Cambrian Bocks. 

The following are the principal members of the Car- 
boniferous series, as exhibited in Wales and the south of 
England : — 

•\ Upper. 
Coal Measures, V Middle. 

J Lower. 
Millstone Grit. 
Upper Limestone Shale. 
Carboniferoas Limestone. 
Lower Limestone Shale. 

The Carboniferous Limestone in Derbyshire, Wales, 
and south of England, consists chiefly of beds of semi- 
crystalline limestone. Being much carved by denuda- 
tion in many places, it gives a mountainous character to 
the districts; hence the name "Mountain Limestone," 
by which it is often known. 

The Millstone Grit is a coarse sandstone, often passing 
into a conglomerate, and associated with beds of shale. 
The name is derived from the use to which some of the 
finer gritstones are applied. In the South Wales dis- 
trict ^e Millstone Grit is called by the miners the 
"Farewell Bock," no beds, of coal occurring below it. 
In Scotland it is represented by the " Moor Bock." 

The Millstone Grit, together with the Carboniferous 
liimestone, and Upper Limestone Shale, or their equi- 
valents, form a wide mountainous band stretching from 
Derbydiire to the Cheviot Hills. 

In Derbyshire the Carboniferous Bocks form a broad 
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anticlinal curve, the axis of wbicli nms north and south. 
The Carboniferous Limestone, the lowest of the series 
which is exposed, occupies the highest portion of the 
^urve, and is flanked on the east and west by the Upper 
Limestone Shale (Yoredale Bocks, etc.), and these in 
their turn are covered by the Millstone Grit^ which pre- 
sents long escarpments to the axis of the curve. Kest- 
ing upon the Millstone Grit on either side of the district, 
are the Coal Measures; those to the east forming the 
great Derbyshire and Yorkshire coal-fleld ; those to the 
west^ the North Stafford and Lancashire coal-flelds. 




Kg. 60.— Section across the OBrbonifeioiu limestone of Derbyshire. 

1. Garboniferons Limestone. 4. Coal Measures. 

3. Upper Limestone Shale. 6. Permian. 

8. Millstone Grit. 6. Trias. 

Lodes rich in galena (sulphide of lead) are numerous 
in the Carboniferous Limestone of North Wales, Derby- 
shire, and other places. 

136. Goal-Beds. — ^Although coal itself is not neces- 
sarily of any particular geological age, yet the Carboni- 
ferous Bocks of Europe and North America contain far 
more coal than all the other formations put together. 
Li the southern coal-flelds of Great Britain the coal-beds 
are conflned to the Goal Measures lying above the Mill- 
stone Grit ; but in the north of England^ rocks equivalent 
to the Millstone Grit contain coal, and many of the Scot- 
tish coal-beds are of still older date. The principal coal- 
flelds of Great Britain lie in South Wales and the adjoining 
English counties, in the central and northern counties of 
England, and in the south of Scotland, It is probable 
that the greater number of the British coal-flelds origin- 
ally formed one continuous bed, but have since been 
separated by contoi*tion of the strata and subsequent 
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denudation. This is very evident in the case of the 
South Wales and Forest of Dean coaJ-fields. 

Coal-beds, like parts of many other formations, often 
occur in basins (108) ; not that they were originally de- 
posited in basins, but having suffered disturbance where- 
by they were bent into curves, and being comparatively 
soft and easily waated, .they have been removed by denu- 
dation in those places where they formed anticlinal curves; 
while in those districts where the strata became depressed 
into basins, they have been protected from the action of 
denuding agents^ and so preserved. 




Fig. n.— 860IIOII ihrongfa the Bristol Coal-field. 

1. Old Red Sandstone. 4. Coal Measons. 

2. Carbonlleroua Limestone. 6. Trias. 
8. Millstone Grit 6. lias. 

7. Lower Oolite. 

In Ireland the Carboniferous strata have not been 
much disturbed, and the consequence is, that although 
the Carboniferous Limestone is largely developed, there 
is very little coal, except in a few places where the strata 
have been bent into basins. 

In sinking shafts through the coal measures in the 
search for coal, many seams are usually passed through, 
interstratified with beds of shale, sandstone, and ii'on- 
stone. Coal seams vary in thickness from a few inches 
to many feet. In the South Wales coal-field no fewer 
than eighty coal seams are passed through, having an 
aggregate thickness of not more than 120 feet. 

137. Volcanic Rocks of Carboniferous Age. — ^English 
Carboniferous Bocks are often greatly bent and much 
faidted, but volcanic rocks are qtiite unknown, except in 
the case of the Carboniferous limestone of Derbyshire, 
which has intercalated with it three thick beds of a kind 



of greenstone locally called " loadstone," often usociated 
with claya wMch hav^ resulted from the decompomtion 
of the volcanic ash which accompanied the outponring of 
the l&TA, (See 43.) In the Carboniferous Bocka of Scot- 
land beds of lava and Tolcanic ash^ are very numerous. 
138, Carbonlferons Limeatona FobbUb. — Corals such 
aaSynmgopora.Lithoatrotion, Ampkmts, etc.; 
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Shells. — Among the bnichiopoda the genus Spirif^a 
ia common; it ia so called from 
the pair of internal spiral- pn)- 
ceasea the shells contain. JVo- 
ductua is also oonunon. Terebra^ 
tula haetala is characteristic ; so iB 
the gaateropod Bwomphalua pentarv- 
guJatua. Among the cephalopods, 
the genera Goniafites and ffauti- 
a. the TJpper Devonian, are found 



Fig. U.—Spir(fera ifrloju 

his, first met with 
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here; so also is the OHkoeeraa. The genera GoniatiUa 
and Orthoceraa become extinct shortlj ^r the Carboni- 
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ferons period, but the Naiutilus persista to the present 
day. 

EcHiiroDERifATA. — Crinoids, or Bea-liliea (82), especially 
characteriao these rocka PentremiteB, ActinocrinuB, and 
Cyathocrinua are characteriatic genera. Some of the lime- 
stones of Derbyshire consist almost entirely of encrinital 
slt'ica. 



ng, ST.— WuUieied Encriidtil TimMton*. Fig. 

Gbhstacea. — Among other Crustacea, the trilobites 
are etill represented; but this is their last appearance. 
PhilUpaia and one or two olJiers occur ; ^ey ore, how- 
ever, of fn^^ftll size and rare. 

FiBHEa — Some of the Old Red Sandstone genera occur ; 
among them Holoptyehius, together with new genera, as 
Megaliektkys, Psammodue, Cladodus, etc. 

139. FoBBils of the Coal Measoreii. — The coal itself 
has undergone so complete a change that it does not 
usually exhibit a vegetable structure. In the shales^ 
however, which accompany beds of coal, carbonised fern 
leaves and other parts of plants are numerous. 

Flaiits. — ^The ironds of tree-ferns are numerouB in the 
shales, Pecopteria and NeuropterU are figured ; besides 
these, there are Sphenopteria, Cychpteris, and many 
others. The stems of huge reed-lilce plants allied to the 
horse-tails, named Calamiles, are very common. 

The bark and stems of a large tree named SigiUaria 
are abundant. The bark is marked by a series of im- 
pressions differing in pattern with different species. The 
rootfi of this tree are found in a separate stratum under- 



neath the coaL Tliey were long thougkt to be the Btema 
of another plant, and atill go by the distinct name Stig- 
maria Jicmdei. The nearest representative of tiiis large 
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tree is the little cluVmosa of the present time. The 
L^jidodendron is another large tree, wUh a pecuUar 
Bcate-like bark, and still more closely allied to ^e club- 
moss. The leaves of this tree have been found attached 
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to the stem, and its fructification, consisting of conek 
made tip of spore cases, is fifequently fonnd, and has 
received the name Lepidoatrohua, The higher orders <rf 
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plants are represented bj coniferous trees allied to the 
pine. 



m ILepidoilrobui). 

Shells. — GoTwititea and Avicuio-pecten, both marine. 
Anthracoaia (allied to the Unio), probably fresh-water. 
Laaid ihelle occur in the coal measures of Nova Scotia. 

Insects. — European and North American coal-beds 
yield white ants, grasshoppers, cockroaches' and others. 

Rbptiles. — Kemaina of Archegosaumt and other lai^ 
amphibians occur in European coal-beds. In North 
America many species of reptiles have been found. 

140. Conditions tinder which the Carboniferous Bocks 
were Accumulated. — After the deposition of the Old Ked 
Sandstone in the British area, the land must have slowly 
subsided, the Lower Limestone Sh»le marking the transi- 
tion from iresh to brackish-water. As the sea deepened, 
and marine conditions set in, the deposition of the Car- 
boniferous Limestone took place ; its corals, encrinites, 
and sea-shells establishing its marine origin. In the 
Korth of England and Scotland considerable oscUlationa 
of level evidently occurred at this period, for the group 
of beds below the Millstone Grit contains several fresh- 
water and terrestrial (coal) beds. After the deposition 
of the Millstone Grit in the British area, a general emer- 
gence of the land and shaUowiog of adjacent aeaa took 
place, followed by ^e accumulation of the Coal Measures, 
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consiBtmg of an alternation of terrestrial, fresh-'water, and 
marine beds. 

141. Formation of Beds of Goal. — ^The vegetable origin 
of ooal having been demonstrated (84), we may now 
endeavour to ascertain bj what means extensive beds of 
vegetable matter were accumulated, and subsequently 
converted into coal ; also, how it happens that many beds 
of coal occur in one series with interbedded ^uJes, sand- 
stones, and ironstones. 

The quantity of coal belonging to this period indicates 
a remarkable profusion of vegetable growth. Fossils 
show this vegetation to be terrestrial, and to consist 
chiefly of cryptogamic plants. The character of the plants 
point to a climate, not necessarily tropical, but warm, 
moist, and free from extremes. 

The freedom of coal-beds from the detritus of the land, 
the upright stumps of trees found in them, also the in- 
sects and land-shells, suggest that the vegetable matter 
which afterwards formed the coal accumulated on the 
spot where it had grown, an 1 this is put beyond all doubt 
by the existence under almost every bed of coal of a 
stratum of clay, or some such mate^al, known as the 
underclay, and which is full of stigmaria, and other roots 
of plants, to the exclusion of other forms of fossils. The 
underclay undoubtedly represents the original soil upon 
which the plants now forming the coal-beds grew. 

The extent of many coal-beds shows the original 
forests, jungles, or peat-mosses, which gave rise to the 
coal, to have been of great magnitude j and the thickness 
of many beds shows the growth to have been undisturbed 
for long periods of time, until a considerable amount of 
peaty matter had accumulated beneath the forests and 
jimgles. In some cases whole forests are found com- 
pressed into strata but a few inches in thickness. 

The stratum which covers each bed of coal is usually 
fresh-watq:, indicating that the vegetable matter was 
accumulated on low-lying ground, near the estuary of a 
river, which ground being subsequently depressed, be- 
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came part of the estuary, and received fresh-water 
deposits. Sometimes marine deposits rest immediately 
upon the coal, but in either case it is dear that subsidence 
of the peat beds, or other vegetable matter, took place. 
A pile of coal-beds, interstratified with days, shales, 
sandstones, etc., implies that the district was frequently 
above or near the surface of the water, and as frequently 
depressed b^Wit For such a series to be formal, it L 
not necessary that there should be any actual upheaval : 
the only ess^tial condition being a gentle subsidence, with 
periods of repose, during which the shallow waters of the 
estuary would become sufficiently silted up for vegetable 
matter to resume its growth. An alternation of delta 
deposits, vegetable growth, and submergence, would in 
time give rise to a series consisting of numerous beds of 
coal interstratified with shales, sandstones, and ironstones, 
as we find them in our coal-fields. 

Permian Fobmations. 

142. Permian Bocks. — ^The Carboniferous series in 
England is succeeded unconformably by a group of strata 
called Permian,^ which lie in hollows produced by denuda- 
tion in the older rocks. The older members of this series 
occur in many small areas in the south of Scotland, 
Cumberland, and Lancashire, and border many of the 
coal-fields in Korth Wales and districts to the south of 
this. The upper member of the series — the Magnesian 
Limestone — ^is chiefly exposed in a long narrow band 
which borders the east side of the great Derbyshire and 
Yorkshire coal-fields, and extending to Northumberland, 
skirts the east side of the eoal-field there. All along 
this line the Magnesian Limestone presents a scarped 
edge to the west Permian rocks are well developed 
in Grermany. 

The following is the succession of the Permian series 
in England and Germany : — 

^ From Penn, a Russian province, where rocks of this age 
occupy an area twice the size of France. 



102 QBOLOOT. 

England. Otrmany. ' 

Mm Slate. Kaprer Schiefer (copper alat«t). 

Lower Red Sandstone, 1 i)„,vij„™„j„ f,^ l■„„._^ 
or Eothliegende. ( EotHiegende (red layew). 

The RoihlUgende couusts of red sondBtoneB, marln, 
and brecciated conglomerates. The Marl Slate is a band 
of marls and calcareous shales. Magnesian limestones 
are prevalent above the Marl Slate, but not ezclnsivei; 
BO, nor are magnesian limestones peculiar to this forma- 
tion, occurring, as they do, in 'Uie Carboniferoua and 
other formations. 

143. Permiftn FossUb. — The fossils of this formatloii 

are in general very scanty. The unconformitj of the 

Permian strata on the OarboniferouB is asso<nate<^ as we 

mi^t expect, with a considerable change of species. 

Many of ^e C^boniferous genera of plants appear, bnt 

they are all of new species. Amwig the FalKozoio 

fauna — Penlamerus, Slrophomena, Euomphahis, Goni- 

alitet, Orthocerae, Cephaia^pis, and many others, which 

exiBted up to this time, now finally disappear aa far as 

British strata are conceiiied. Notwithstanding this great 

chai^, the fauna and 

flora are much more 

closely allied to those of 

the C^boniferous Kocks 

' than to those of the 

Mesozoic formations 

above. 

POLYZOA. — Among 
these the Fen^tleila is 
characteristic. 

Brachiopoda are re- 
presented by Produc- 
"*■ Mi^HI^'K^lr^ '«* A«rrid«^ Splr^era 

alata, and others. 
CoNCHiFERj — Sehizodus, Saixvellui, Pecten, ete. 
FiSHBs.— The Marl Slate abounds with fish i 
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Among these are Faloeonisctis, Flatt/somus, Ccslaca/nthics, 
.etc. 

Keptiles. — Footprints occur in the Rothliegende, near 
Duin&ies ; bones of lizards in the slate^ near Durham, 
and other places. 

144. Gonditions tinder which the Permian Strata were 
Deposited. — ^Before the deposition of the Permian strata, 
the British and a much wider area, seems to have be- 
come a continental surface, and to have undergone con- 
siderable denudation, resulting in some districts in the 





Fig. 65.— ProrfttrftM horridiu. Fig. 6Q.—Schixodia. 

Magnesian limestone. Magnesian Limestone. 

formation of deep depressions, which subsequently be- 
came salt lakes, and in which the Permian strata were 
deposited. Both in the red rocks, which resemble the 
Old £.ed Sandstone, and in the Magnesian Limestone, 
the fossil species are dwarfed and scanty, in this respect 
resembling the feiuna of the Caspian Sea at the present 
time. Land-plants, amphibian remains, and footprints, 
show the proximity of land. The molluscs, though salt- 
water species, are not necessarily oceanic. 

The Magnesian Limestone appears to have been de- 
posited in a distinct hollow from those in which the de- 
posits of the other Permian districts were made. Beds 
of gypsimi are common in its interstratified marls, giving 
additional evidence of its lacustrine origin. The presence 
of carbonate of magnesia with the carbonate of lime can 
be accounted for by suppoang the two to have been 
precipitated together in consequence of evaporation in 
a lake saturated with them. The structure of this for- 
mation in many places is such as to render it very impro- 
bable that it is an ordinary or^;anically formed limestone. 
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In Cumberland, Sonth StaflTordshire, and otlier Permian 
districts, evidence is afforded of a glacial period having 
occurred at the commencement of this epoch, similar to 
that which has already been referred to in the case of 
the Old Ked Sandstone (132). The Breccia^ CongloTne- 
rates of these districts contain many huge blocks, together 
with smaller stones, all more or less angular, and scratched 
and furrowed like the moraine stones of a glacier. They 
cannot therefore be water-borne. These conglomerates 
are usually imbedded in a red marly paste, and alto- 
gether resemble, more than anything else, the boulders 
and finer detritus accumulated by glaciers and melting 
icebergs. The blocks have chiefly been brought fi'oni 
Wales, the glacier-covered mountains of which must have 
been very much higher than they are now, seeing the 
vast amount of denudation to which they have since been 
subjected. 

145. General Nature of Palseozoic Bocks and Fossils. 
— ^These rocks, on accoimt of their great relative age, 
have been more subject to disturbance than any others, 
consequently we find they are often beift and contorted, 
faulted, metamorphosed, and associated with volcanic 
ef^sions. 

The life of the period is remarkable as being confined ' 
to the lower classes of animals generally. Cryptogamic 
plants, corals, brachiopods, crustaceans, echinoderms, and 
fishes are the most characteristic. The corals were four- 
rayed, and the fishes had heterocercal tails, like those of 
the shark and a few other fishes living now. The ordi- 
nary bivalves were much behind the brachiopods in 
point of number and importance, but began to be in the 
ascendancy about the close of the period. Ko traces of 
mammals or birds have yet been discovered in these 
rocks. 
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CHAPTER XV. 

Mesozoio Period. 

Mesozoio Life. — ^The tmconformability of the Mesozoio 
on the Palaeozoic rocks is accompanied by great changes 
in the nature of the fossils. The majorit j of the Palssozoic 
genera are lost sight of, while many new genera succes- 
sively appear. Fishes with homocercal tails now occur, 
as do also siz-rayed corals; conchifera outnumber the 




Fig. 67.— Heterocercal tall. Fig. 88.— TTomocercal tall, 

like that of the shark. like that of the herring. 

brachiopods, and gradually increase their ascendancy until 
the present day ; reptiles become abundant j and warm- 
blooded vertebrates — ^mammals and birds — are present, 

Triassic Formations. 

146. Triassic Rocks. — Upon the disturbed and de- 
nuded Palaeozoic rocks of England, an extensive seiies of 
sandstones, marls, and other strata, lie in nearly horizon- 
tal beds. This series is called the Tria8, from its three- 
fold division in Germany : the middle division, however, 
is absent with us. 

The Trias is extensively developed in England. The 
greater part of it forms one connected mass, occupying 
the central counties, and sending an arm along the valley 
of the Severn, which then in disconnected patches extends 
JBOuthwards to the mouth of the Exe in Devonshire. North 
of the town of Derby the great Carboniferous anticlinal 

H 
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separates the Trias into two bands, which trend northwards, 
on the west side beyond the mouth of the Babble, and on 
the east as far as the mouth of the Tees. The Tiiba is 
absent or only slightly developed in Scotland. 
Piviaiona : — 

England, Germany, 

2. Kew Ked MorL S. Reaper (copper). 

■■ 2. Huschelkalk (shell limestone). 

1. Kew Red Sandstone. 1. Bunter-Sandstein. 

(yariegated sandstone). . 

I^ew Red Sa/ndsUmSy or BwnJUfTy consists of soft, red, and 
mottled sandstones, with beds of unoompacted pebbles. 
It thins away to the south-east, and at length disappears, 
the Keuper resting directly on Carboniferous or Permian 
formations. Thickness 700 to 1000 feet. 

MvschelkaJk, — ^limestones, well developed in Germany, 
and full of fossils. No representative in England. 

New Red Mourl or Keuper, — Consists at the base of com- 
pact sandstones holding back water, called loateratones. 
These are often ripple-marked and impressed with foot- 
prints. The wcUerstanes are covered by a series of beds 
of marl, interstratified with beds of rock-salt and gypsum. 
The average thickness of the Keuper is about 1200 feet, 
but is much greater in Cheshire. Where the Keuper 
rests on the Bunter, it usually does so with a slight un- 
conformity. 

At the base of the Keuper near Bristol is a remark- 
able dolomitic conglomerate contaimng bones of rep- 
tiles. 

The Keuper marls are remarkable for their beds of 
rock-salt. These are chiefly worked in Cheshire, where 
the series has great thickness. At Broitwioh, in Wor- 
cestershire, the salt is obtained from brine pumped from 
these beds. Beds of salt and gypsum are y&tj geueival 
in the same geological hoiizoii. 

The vmoosibrmability of the Trias on the PabMMKoe 
rooks renders the. ninVtug through it for ooal a very 
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nnceiiun operation. Before tUa is attempted it ia neces- 
sary to make a careful study of the He of tierocka ia the 
diatrict 

147. Triassic Fossils. — ^The Triaasic strata of England 
are rarely fossiliferous : land plants, small bivalve crus- 
taceans, fishes, and footprints of amphibians are of occa- 
sional occurrence. It is chiefly to the Muschetkalk 'we 
have to look for &e representative species of the age. 

Plants. — Silicified trunks of coniferous trees, etc., in 
England. £qitiieiiUe, and others, in Germany. 

Shells. — Many species in the Huschelkalk. The 
cepb&Iopod Cera^tea nodoeui is characteristic 

EcHiNODERUXTA. — £noriniie8 lH^ormia, and others, in 
the Muschelkalt 



CauSTACEA. — A smiJl crustacean, with a kind of bi- 
valve shell, Estheria minuta, is found in 
sandstones belonging to the uppermost 
part of ^e Keuper in Worcestershire and 
'Warwickshire, Also found in the Keuper 
of Germany. 

Kbptileb. — ^Footprinbi resembling the 
human band oociir in Bunter flagstones at 
Horton Hill, near Liverpool, and other places. Similar 
marks were lot^ since observed in the Bunter-Sandstein 



108 GEOLOGY. 

of Germany, and were referred to an unknown animal 
called Gh/drotheriv/m,, The footprints indicate an animal 
allied to the frog, but very much larger. Teeth of such an 
animal have been found. Sections of these teeth show 
peculiar labyrinth-like windings, hence the animal is 
called Labyrinthodon. It disappears at the close of the 
Trias, and the footprints with it. Footprints of other 
reptiles occur in the waterstoneS; and other parts of the 
Trias in England. 




Fig. 72.— Footpriiits of (7bciro(A«r»um(lAb7rinthodon)L 

Beptiles are far moi'e numerous in the Trias than in 
any earlier rocks. At Elgin, in Scotland, several reptiles 
have been found in strata of uncertain age, by some re- 
ferred to the Trias, by others to the Devonian. These 
I'eptiles are Telerpeton, ffyperodapedon, and Stagcmolepis, 
the latter quite crocodilian in its affinities In the Bunter 
and Muschelkalk of GeiTaany many others occur. . iW 
thosaiirua and Rhyncoaaurua may be mentioned. In 
the Dolomitic Conglomerates of Bristol, Thecodontosaurus 
and PdloBoaaurua are found. 

Birds, — ^Footprints of birds occur in the Connecticut 
Valley, in Nordi America. 

Mcvrmruils, — ^Teeth of a small manmial, of the nature 
of a kangaroo, have been found in the Marls at the top 
of the Keuper in England and Germany. This earliest 
known ma.mmal is called Microlestes arUiqmis,^ In 
North Carolina are found jaws and teeth of an allied 
animal called Dromothervum ayhestre, 

148. Conditions under which the Trias was De- 
posited. — ^We find the Triassic strata in England resting 

1 Or. micros^ little ; lestes, beast of prey. 
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npon the nptilted and denuded edges of Permian and older 
rocks, showing how much the latter were disturbed and de- 
stroyed before the deposition of the Trias began. It would 

. seem from the great break which exists between the Trias 
and older rocks in Europe, and even wider districts, that a 
great continental surface existed, of which England 
formed part. At length portions of this continent were 
depressed, and the Tnas deposited. 

The lacustrine character of the Trias is established by 
similar evidence to that adduced in the case of the " Old 
Bed '' and Permian. Additional proofs are presented in 
the case of theKeuper,^by the beds of rock-salt and gypsum, 
the mode of origin of which has already been considered 

' (85, 86). While it is certain that the Triassic lakes were 
very salt at the time of the Keuper, they may have been 
partly fresh or brackish when the Bunter was deposited. 
From the commencement of the " Old Bed," until the 
close of the Triassic period, we have continual evidence 
of a long continental period, broken only by the marine 
beds of the Carboniferous. This evidence consists, as 
we have seen, partly of widely-distributed terrestrial and 
lacustrine deposits, and partly of almost world-wide dis- 
tui-bances andden^datio^giVing rise to unconformitiea. 

Bhaetic and Penarth Beds. 

Beds of Passage. 

149. Rhaetic and Penarth Beds. — On the Continent of 
Europe, between the Keuper and the Lias, there inter- 
vene large and important deposits, known as the St 
Cassian and Kossen beds, or, collectively, the Bhaetic ^ 
beds. These beds are represented in our own islands by 
a comparatively thin but interesting band, known as the 
Penarth beds, so called from Penarth, near Cardiff, 
where the cliffs exhibit them well. These beds also 
occur in the neighbourhood of Axmouth, at Aust, and 
other places on the borders of the Bristol Channel. They 
1 From Ehaetia, the ancient name of Lombardy. 
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also occur in Staffordshire, and several other places along 
the junction of the Keuper and the Lower Lia& Beds 
of this age occur at Ldsnagrib, and near 'Beifast, in Ire- 
land. 

These beds are always conformable to the Trias and 
the lias. They form in iauct " beds of passage," by which 
name they are known. 

The highest, member of the series is the White Idas, a 
hard and fine-grained rock, generally unfossiliferous. 

The so-called " Landscape Marble," found at Gotham, 
near Bristol, occurs at or near the base of the White Lias. 

Below the White Lias come a series of black shales, 
known as the Paper JShales, containing fossil shells ; and 
interstratified with it is the celebrated Bone Bed, made 
up almost entirely of the bones of fishes or reptiles. 
Below the Paper Shales are a series of marls, passing 
gradually into the Keuper Marls beneath them. 

150. Bhaetic and Fenarth Fossils.— In England and 
Wales the lamellibranchiate sheUs AvicuJa corUorta and 
Ca/rdium Bhaeticum are very characteristic. They also 





Fig. 7d.—Cardium Bhaeticum. Tig. H.~Avieula contoiia, 

characterise Continental beds. So generally prevalent is 
the former, that the Bhaetic series is sometimes known 
as the Avicula contorta Zone, 

Teeth and bones of fishes, such as Gyrolepis, HyhoduSy 
AcroduSf and others, occur in the bone bed. Beptilian 
remains, together with teeth of Microlestes, occur in this 
zone. 

In the St Cassian beds (Austrian Alps) a remark- 
able commingling of Palaeozoic and Triassic with newer 
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ill 



Mesozoic forms occurs; for instance, Orthoceras and 
Goniatitea occur with ATmnonitea and BelemnUea, 

Jurassic System. 
Lias and Oolite. 

151. Liassic and Oolitic Rocks. — ^The Bhaetic beds in 
England pass upwards into a series of rocks called the 
Idas, the latter in its turn being succeeded, quite con- 
formably, by the Oolite, a series so called from the pre* 
valence in it of limestones having an oolitic structure 
(24). In England the Lias and Oolite form a belt, 
averaging about thirty miles in width, and extending 
from Dorset to Yorkshire. 

The lias and Oolite are closely connected by their 
fossils, and are included in one system, tlie Jurassic, so 
named from the occurrence of this series in the Jura 
Mountains, in the east of France. 

Succession in England : — 

Feet. 

Portland Oolite, 170 

Kimmeridge Clay, . , • . . 600 

Coral Bag, 250 

Oxford Clay, 600 

Combrash, 40 

Forest Marble, 500 

Bath Oolite (Great Oolite), . . ) , oa 

Stonesfield Slate, .... J ^'^^ 

Fuller's Earth, 400 

I Inferior Oolite, 250 

Upper, Upper Lias Clay and Sand, . . 550 

Middle, Marlstone, ....... 200 

Ixywer, Lower Lias Clay and Limestone, 600 

The lias and Oolite form one conformable series, with 
a gentle dip to the east, the various members coming to 
the surface in succession, and running parallel to each 
other, sometimes along the whole belt. The unequal 
hardness of the different members has given rise by 
denudation to many minor escarpments facing west, be- 
sides the more prominent ridge where the Lower Oolite 
overlooks the Lias (122). 



Oolite, 



Upper, 
Middle, 

Lower, - 



Lias, 
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The Liassic series is characterised by laminated clays, 
and the Oolite by limestones. 

Lower Lias, — ^This formation consists of blue days and 
shales, with occasional bands of limestone. Modules of 
argillaceous limestone occur in some places, which, when 
ground, form excellent cement. 

Ma/rlstone. — ^This member consists chiefly of calcareous 
and argillaceous sandstones. It is well exhibited near 
Cheltenham, where it is 200 feet thick. It frequently 
contains iron ore, which mineral is obtained from it in 
great abundance at Cleveland, in Yorkshira 

Upper Lias, — ^Principally a thick blue clay, upon 
which rest marly sands, these being capped by a band 
called the Cephalopoda bed, and which is regarded as 
the uppermost limit of the lias. The upper Lias in 
Yorkslure contains beds of lignite, in which nodules of 
jet occur. 

Inferior Oolite, — ^This formation attains in the neigh- 
bourhood of Cheltenham a thickness of 250 feet. It 
consists of a succession of shelly and oolitic limestones, 
many of which form good building stones. In York- 
shire the Inferior Oolite becomes a succession of shales, 
sandstones, and thin seams of coal, some of which are 
actually worked, such as the Moorland coal of Yorkshire. 

Fuller^ 8 Earth, — ^A series of clays and thin limestones. 
The clay was formerly used by fullers in the preparation 
of their cloth, hence the name of the formation. The 
Fuller's Earth extends from Dorset to Gloucestershire, 
beyond which it thins out, and soon disappears. 

Great or Bath Oolite, — ^The lowest member of this series 
is the Stonesfield Slate, a shelly limestone, easily splitting 
into slabs, and very rich in organic remains, includ- 
ing insects, reptiles, and the lower jaws of mammalia. 
The Great Oolite proper is remarkable for its thick 
Oolitic limestone, largely quarried for building purposes. 
Westminster Abbey is in great part built of this stone. 
Corals and stone-lilies are common. A local series, the 
Bradford Clay, succeeds the Great Oolite. 
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Forest Marble. — Principally a shelly limestone, occur- 
ring, among otter places, at Wydiwood Forest, in 
Ozfordahire. Its sandstones are often ripple-marked. 

Combraeh. — ^A thin series of sandy limestones, easily 
crushed. Its soil is considered to form good corn land. 

O^ord Clay. — This formation, with the Coral Rag 
above it, constitutes the " Middle Oolite." It is a thick 
bed of clay, extending along the whole range of the 
Oolitic belt, including the district on which Oxford 
stands. 

Coral Sag. — This is to some extent an old consolidatad 
coral reef, corals being very plentiful, and most of them 
ttudisturbed from their original position in the reef. 

Kim/meridge Clay. — This is Uie base of the " Upper 
Oolite." It consists of clays and shales, with a bed of 
lignite at Kimmeridge, on tiie coast of Dorset. 

PoriUmd Oolite. — This, the highest member of the 
series, has been named from the Isle of Portland, where 
it occurs as sandy beds below, covered by calcareooa 
beds, at the top of which is the limestone known as 
Portland stone, lai^y used for building purposes. St 
Paul's Cathedral is built of this stone. 

152. Liassio Fossils. — In passing upwards from the 
Trias and Khaetic formations, a great change in the develop- 



ment of life is observed, the rockti, from the base of the 
Lias to the top of the Oolites, teeming with fossils, among 
which almost all classes of animals are represent«d. 
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Plants, — Cj/cads, and Ferng -with e. net-work of vema 
on their fronds, are characteriatic. 

Brachiopoda. — Spirifets occur for the last time (genus 
Spir^erina), The genera Rhyncondh and Ta-e^nitula 



CoNCHirERA. — The genera Oilrea (o^ter), Gryphcea 
(Fig, 76), Lima, Avieula, and many others, are abundant. 
Hippopodivm ponderosum (Fig, 76) is peculiar to the 
Lower Lias. 

. Cephalopoda. — The Lias in England Js sharply 
separated from the Rhaetic beds by the suddea appearajice 
of Ammonites and Belemnius (Figs. 77, 78), which genera 
particularly chaiucterise the Mesozoic formations frora the 
Lias to the Chalk. The speeies of the Ammonite seem 
to have been comparatively short-lived, hence the Lias is 
divided into zones characterised by particalar Ammonites. 



Fg. T7.—Amm«nilti nnxtmiti, LiM. 

The parte of the Belemnites most frequently found fossil 
Hi-e hard conical bodies, popularly called "thunderbolts." 
Many of tliese exhibit, at the broader end, a depression, 
in which originally fitted a chambered shell, leas often 
preserved, Several species of Nautilus occur. 

EcHiHODERUATA. — Among these the stone-lily of the 
Lower Lias, named Esetracrirms Briareua, is chaiacteristic, 
and 80 abundant at Lyme Kegis and some other places, as 
to form thick beds with their broken stems and branches. 
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IsSEcra — An " insect bed " occurs at the base of tbe 
Lower Lias, and another at the baae of the Upper Lias. 
In these, beetles, crickets, dragon flies, 
and other insects have been found. '" 

FiBHBS. — The most remarkable ar^— 
Dapediug, with scales set like a Mosaic 
pavement; Lepidotus, Acrodus, with pow- 
erful t«eth adapted for crushing the mol- 
luscs on which it lived; and Hyhodus, 
with shark-like teeth. 

Reptiles.— The Lias is remarkable 
for its fossil reptiles. It, together with 
the Oolite, has been called the " Ago of i 

Reptiles," from tihe great development of 
these B.nimfl.lH ^ both in size and numbers, 
JchikyosauTus, Pleeiosauma, and Ptero- 
dactylug are the genera beat known. 
The Ichthyoeaumg was a huge fish-like 
lizard, often attaining a length of 25 feet. 
Its tail was long, and ended in a power- 
ful tail-fin, while its anterior members 
were modified to. qerve as paddles. Its 
jaws and teeth were formidable ; a&d the 
remains of fishes and reptiles sometimes Y^f, i».—BatnmUc. 
found within its skeleton indicate *'^<'^-^Jli5?"jl^^'„jr 
nivorous habits. The PUsiosauna had eKiveoiug.orBocketi 
a long swan-like neck and crocodile-like pitipBoo^Bflit. 
head; its paddles were larger than those 
of the Ichthyosaurus, while its tail was shorter. The 



Tig. 711.— JcUA^cnuTUi Mmmmti. Beiloied ikeleton. 

Pterodaclylua was provided with wings, and could I 
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like a bat. One of ita digits was mucli ezt^ided, and 
Bupported the wing. 

153. Oolitic Fossils. — Betweea the Lias and Oolite 
tliere is a break in the succession of life, onl^ 37 speciee 
of MolluBca out of 256 present in the Upper Liaa passing 
from it to the Inferior Oolite ; but this is scarcely any 
greater break ihxa. is observed between soine of the 
membera of the Oolite itself 

Plants. — Similar to those of the Lias. 

Brachiopoda are very abundant, as are all classes of 
fossil shells. Terebratula and RkyneoneUa are tiie genera 
moat common. T. fimbria, T. digcma, T. carinata, Jt. 
tpinosa, and S. varians, are well-known species. 



iluta rarittala. lOiyiuiincUa. 

L great numbers and vailety. 



Fl« Sa Flg.S4. 

IVfemia nulofo, Oit-ia JlabeUoidtt. 

Lower ud MlUiUe OaUU. Lowei OoliU. 

Among the characteristic genera are Ostrea, Cardium, 
Trigonia, Limct, PlioUidotnya, and Modioia, 
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Qabtebopoda. — I'leurolomaria and N&^nea are com- 
mcm. Cerithium I'ortlcmdimiin is a common fossil in the 
Portland Oolite. 



Fig. 8S. 
LowsiOoUM. 



llg.8r. 

Ctrahbm FortUadimnt laM). 

FortluidOoUM. 



fbimfDmaria onuCo. 



Lgne 



Cephalopoda. — Ammonites and BeUmnitea a 
abimdant. A.Muinphresiamis,A.ParMnaoni,B.ei 
in the Lower Oolite ; j1. Ja»on, 
B. hastat/M in the Middle Oolite ; 
and ji. tAphe in the Upper Oolite, 
are characteristic Bpecies. 

EcHifiODEBUATA. — Stone-Hlies, such 
as Apioermus, and Beo-urchinB, such 
as Cidaris, are common. 

EEPTiLBa. — IchlhyoBawvx, PUHa- 
aawrua, PUrodaetyhn, AIbo Megahgaurua and Celich 




C'daru coroiuUa. 
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saurttSf huge lizards with long legs, lifting them from the 
gi'Dund. 

BiBDS. — ^The oldest known bird is the Archceopteryx, 
an almost entire skeleton of which was discovered in 
1862 in the lithographic stone of Solenhofen in Bavaria. 
Not only were fiie bones preserved, but even impres- 
sions of many of the feathers. The specimen is now ia 
the British Museum. 

!AIammalia. — ^Lower jaws of four species of mammals 
belonging to three genera have been found in the Stones- 
field Slate. The genera are Amphithervwm, Fhascolothe- 
rium, and Stereognathus. They were all pouched 
animals, like the kangaroo, or closely allied to it. 

154. Conditions under which the Lias and Oolite were 
Deposited. — ^The abundance of sea-shells, encrinites, and 
corals, show the Lias and Oolite to be true marine de- 
posits. There is, however, evidence of the nearness of 
land, almost throughout the British deposits. The land- 
plants and insects, reptiles and mammals, show land to 
have been near, while the ripple-marks ^nd oyster-beds, 
occurring here and there, indicate actual sea-beaches. 
The British Palaeozoic districts appear to have been above 
water at this time, for the Oolitic deposits thin away to- 
wards the WQst, the Cretaceous strata subsequently over- 
lapping them (122). The PalsBozoic districts of Devon- 
shire, "Wales, Cumberland, the Highlands of Scotland, 
and others, probably formed a group of islands in the 
seas about which the Lias and Oolite were deposited. 

The tree-ferns, cycads, large reptiles, and coral reefs 
of this series indicate a warm climate, probably sub- 
tropical. 

Although a strict conf ormability is maintained through- 
out the liassic and Oolitic series in the English district; 
yet the frequent change in the nature of the deposits, 
and breaks in the succession of life, indicate geographical 
changes, these disturbances sometimes affeeting the imr 
mediate area of the Oolitic seas. We have evidence of 
this in the Lower Oolites of Northamptonshire, I4boo1ii- 
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shire, and Yorkshire, where this series is partly marine, 
and partly a succession of estuarine, fresh-water, and 
terrestrial beds. 

Wealden and Purbeck Formations. 

155. Wealden and Purbeck Strata. — ^In the Isle of 
Purbeck, Dorset, the Upper Oolite is conformably suc- 
ceeded by a series called l^e Furhech Beds; and these in 
their turn pass upwards into strata, the equivalents of 
which are largely developed in the south-east of England, 
occupying the district between the Korth and South 
Downs known as the Weald of Kent, and are hence 
called WeaJden. Strata of the Purbeck and Wealden 
age also occur in the Isle of Wight and in the Isle of 
Portland. 



Succession : — 
Wealden Series, 

Purbeck Beds, . 



Weald Clay, . 
Hastings Sands, 
Upper, ) 
Middle, > . . 
Lower, ) 



600 feet. 
900 „ 



150 



f» 



Pwrhech Beds, — ^Thia is a pile of numerous thin beds 
of limestone, shales, eta> some of which are fresh-water 
and others marine. In the Lower Purbeck there is a 
remarkable stratum called the " Dirt Bed." It is twelve 
to eighteen inches thick, of a brownish colour, and con- 
tains silicified roots, erect stumps of trees, and prostrate 
trunks. The " Purbeck Marble," formerly much in re- 
quest for the internal decoration of churches, was ob- 



•-v:;:^ 



m • • • • « 




Fig. 9<>.— S«ctl(m (ram tha North to the South Downi across the Weald. 

1. Hasthiga Sand. 1 Weaki Gtay. 8. Lower Oreensaod. 

i Uw«r CreUoeoiu Stiata. 

talned from the Upper Purbeck. This *^ marble " oonsists 
almost entirely of fresh-water shells {Palfudina), 
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WeaJden Series. — ^In the .Wealden area the strata have 
been heaved into a dome-like form : the upper portion of 
the dome, consisting of Cretaceous strata and Weald Clay, 
have since been' removed, exposing the Hastings Sands 
in the central portions of the area. This series chiefly 
consists of fresh-water strata, with marine interstratifl- 
cations. 

At Speeton, on the coast of Yorkshire, beds occur 
which are believed to be the marine equivalents of the 
fresh-water Wealden strata, and to correspond to the 
series called Middle and Lower Keocomiajo,^ on the Con- 
tinent. 

156. Wealden and Porbeck Fossils. 

Plants. — Cycads, ferns, and others ; in general nature 
resembling the Jurassic. 

Shells. — ^The majority are fresh-water and estuarine. 
Among the fresh-water gasteropods are Falvdina^ Liranea, 
and Fhysa; and among the fresh-water conchifers are 
Unio and Cyrena, 





Fig. 01. Fig. 02. 

Cyrena eUmgcUa. Paludinafiutfiorvm, 

Purbeok. Wealden. 

Crustacea. — ^Minute species of Cypria occur in mil- 
lions. 

Reptiles. — The Wealden reptile Igvxmodon was a 
vegetable feeder of large dimensions. It stood erect 
upon its legs like the Cetiosaurus, and was taller than an 
elephant. It derived its name from the form of its tooth, 
which is shaped like that of the living Iguana. Remains 
of Cetiasa/urua, Hylceosa/wrus, Chelone, and other reptiles, 
are found in the Wealden formation. 
* From Neocomum, the classical name of Neufchatel, in Switzerland. 
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Mammals. — ^The Middle Furbeck at Swanage lias 
yielded no fewer than fourteen species of mammals. 
Among these are Galeatea and Flagiaulax. 

157. Gonditions under which the Wealden and Fur- 
beck Beds were Deposited. — ^After the close of the Oolitic 
period, it seems that the south and centre of England, to- 
gether with other districts, were raised above the sea-level 
and subjected to all the destructive operations of denu- 
dation for a long period of time. England, no doubt, at 
that time formed part of a great continent, for the Weal- 
den and Furbeck Beds appear to be parts of the delta 
of an immense river, so large that it could only have been 
supplied by the drainage of an extensive continent. 

in the Wealden and Furbeck series, the fresh-water 
shells and reptilian remains are- sufficient indication of 
the fr^sh-water beds, while the interstratification of 
marine beds shows the whole series to have been de- 
posited in a spot where the water was usually fr^sh, but 
where the sea occasionally gaiaed access. Tlus would be 
the case in the estuary of a large river. 

It is probable that the mass of the continent, across 
which the great Wealden river flowed, lay to the north 
and west ; for we have seen that at Speeton the contem- 
poraneous beds were marine, and similar beds occur in 
Switzerland and other places to the south and east 

Cretaceous Formations. 
Upper Mesozoic. 

158. Cretaceous Rocks. — ^In the Wealden area, and 
in the Ide of Wight, the Weald Clay passes upwards 
into the lowest member of a series of formations called 
the Creiaceovs,^ so named from the thick beds of chalk 
which form a considerable part of this series. 

The Cretaceous formations show themselves in England 
principally as a broad belt running parallel to the Oolite 
from Dorset to Norfolk. To the east of Salisbury Flain 

^ Lat. cretOf chalk. 
I 



Upper 
Cbetaceovs, 
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the area widens, and dividing into two parts, becomes 
the Korth and South Downs. The southern half of the 
Isle of Wight is also covered by Cretaceous strata. In 
the neighbourhood of the Wash, the Cretaceous series 
are covered by newer deposits, but reappear in Lincoln- 
shire, and trending northwards, terminate at Mamborough 
Head in Yorkshire. The English Chalk is continuous 
with that of the Continent^ which extends to the Medi- 
terranean ; the shallow Straits of Dover being merely a 
channel cut in the chalk by the sea. 
Succession : — 

Maestricht and Fazoe Beds (absent in 

England). 

White Chalk, with flmts, . 1000 feet. 

White Chalk, without flints, 600 „ 

Chalk Marl, 100 „ 

Upper Greensand, .... 150 „ 

V Gault, 200 „ 

LowKE CiiETAOEOUS ) Lo^er Greensand, ) ... 

UPPER 1^SJ>C0MIAN, i ^*^«^^<1 C^y- 1 • • • '^' " 

Lower Cretaceous, — ^This consists of the Atherfield 
Clay and the Lower Greensand, and represents the upper 
division of the Continental series called Neocomian (155). 
The Atherfield Clay rests upon the Weald Clay in the 
Isle of Wight, the principal difference between the two 
being, that the Weald Clay contains fresh-water shells, 
while the Atherfield Clay does not. The Lower Green- 
sand is closely connected with the Atherfield Clay; it 
has derived its name from the prevalence in it of par- 
ticles of silicate of iron, which often gives a green tinge 
to the beds. 

GcmU, — ^This formation lies somewhat unconformably 
upon the Greensand. It consists of a dark-blue clay or 
marl, and contains many fossils, often beautifully pre- 
served. 

Upper Greensand or CMoritic Series. — ^This formation, 
consists chiefly of a calcareous sandstone, and somewhat 
resembles the Lower Greensand in appearance, but is 
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insignificant in importance wlien compared with it. It 
yaries in thickness and character in different places. In 
Surrey it is quarried as a £restone. In some places, as at 
Eamham, in Surrey, nodules of phosphate of lime occur, 
and in such abundance as to be worked for the manufac- 
ture of artificial manure. These nodules are evidently 
of organic origin. In this soK^ed "coprolite bed" 
have been found the remains of a bird and many 
reptiles. 

White GlwXk. — ^The Upper Greensand passes into the 
Chalk Marl, and the latter into the White Chalk. 
Chalk, it is well known, is a soft and very pure variety 
of limestone. Under the microscope it is seen to be 
mainly made up of the calcareous shells of foraminifera, 
wHch is precisely the nature of the ooze now forming at 
the bottom of the deep Atlantic (82). The White Clialk 
is separated into two divisions, the upper being charac- 
terised by the presence of fiints, which are absent in the 
lower. The nodular flints occur in rows, and indicate 
the planes of stratification, which are otherwise obscure, 
although joints are numerous. Flints consist of silica, 
and owe their origin to the abstraction of siUca from the 
sea-water by certain forms of organic life (83). The 
silica derived from the siliceous coatings of microscopic 
organisms falling to the bottom of the sea, in lapse of 
time collects about sponges or other siliceous centres, 
and in this way forms flints. When broken through, 
flints often exhibit the structure of the original sponge 
or other organic body about which the silica gathered, 
nints not only occur as nodules, but frequently as 
layers, and sometimes as peculiar vertical veins called 
" pot-stones." 

Chalk districts resemble Carboniferous Limestone dis- 
tricts in their scarps, dales, and other physical features, 
but on a smaller scale. The north-east side of the belt 
of Chalk which crosses England forms a prominent 
escarpment, similar to that of the Oolite, but smaller. 

Peep borings made for water in the Ji^ndon area show 
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tliat there the Cretaceous series do not rest upon Oolitio 
but upon Falseozoic rocks. 

Cretaceous strata occur in the north-east of Ireland. 
The Chalk is here much harder than the English Chalk. 
At Aix-la-Chapelle, in Germany, the White Chalk 
and Chalk Marl of England are represented by white 
sands and laminated clays 400 feet in thickness. This 
formation is remarkable for the abundance of terrestrial 
plants it contains, many of which are in a beautiful state 
of preservation. 

In England we have no Cretaceous strata newer than 
the White Chalk with flints. On the Continent, at 
Maestricht, on the banks of the Mouse, in Holland, the 
Chalk with flints is succeeded by limestones without 
flints, and containing Belemnites, BacuMteSy Hamites, 
and other characteristic Cretaceous fossils. At Faxoe, 
also, in the Isle of Zealand, Denmark, strata of similar 
age occur, contaLoing somewhat similar fossils. 

159. Cretaceous Fossils. — On passing from the 
Wealden series to the Cretaceous, we at once lose all 
the fresh-water shells, while true marine species take their 
place, and exdusively occur throughout. Some terrestrial 
species, such as Igucmodon Mantelli, are common to the 
Wealden and Lower Greensand. 

Compared with the Oolite, the Cretaceous forms are 
quite new, not a single Oolitic species being found in 
Cretaceous strata. 

The break in the succession of life be- 
tween the Upper and Lower Cretaceous 
is well illustrated by the species of Am- 
monites they contain. The Lower Green- 
sand has 31, and the Gault 21, only three 
of these being common to the two forma- 
tions. 
rilfrSLi FoRAMiNiPERA. — Many of these strik- 

bipiioaia. ingly resemble the forammifera now living 
Upper creuceoxi.. ^ ^^ Atlantic, and other seas (Fig. 13). 
Brachiopoda still decline in numbers compared with 
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the Oonchifeia. Terebraiida bipUcala &nd T. Hriata am 
commoa species. 

CoKCBiFEBA. — The genera Oflrea, Lima, Peeten, and 
others, are ntuneroos. Two characteristic cpecies are 
figured. 




0ppe> CKtaeeoM. 



Cephalopoda. — Ammonites, BeleniMtes, and I^avli- 
las occur, also Beveral genera peculiar to Uie Cretaceous 
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aeries, such aa ffamitea, BaouKtet, ScaphUei, and Tvf 

EcHiNODBRUATA. — Sea-iirchiiis are very prevalent. 
Among these are the genera Ananehi/Us, Galentes, 
Mieraster, and others. The criDoid Marstipitei is also 

prevalent and characteristic. 




Ammrhvla ovatat. 

Beptiles. — The genera Ic&thyostMirus, PUaioaav/rug, 
and PterodactyliK occur for the last time in the White 
Chalk, 'while several new genera, aa Moaosauma, are pecu- 
liar to the Chalk itsel£ 

BiRca. — Two speciea, each about the size of a pigeon, 
have been obtained from the TTpper Greensand, near 
Cambridge, 

160. ConditioBS nnder whicli the Cretaceons Series 
were Deposited. — We have seen that the fresh-water 
Wealden series are succeeded almost insenubly by the 
marine Lower Crotaceoua series. This indicates tiiat a 
subsidence of the Wealden area at least took place ; and 
this, without occupying any very great laj«e of time, 
seeing that some of the terr^triol species are common to 
both the Weald Clay and the Lower Cretaceous. 

The widelr-^)read Cretaceous strata show that the 
subsidence of vx& continent of which England formed 
part was very general. After the deposition of the 
Lower Oreeosan^ portions of the Briti^ area, at leasts 
became land and suffered denudation, and subsequently 
subsiding, the tiault was tiu:own unconformably upon 
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the Lower Greensand. The subsidence contmuing, the 
various members of the Upper Cretaceous were deposited, 
each overlapping its predecessor, until the White Ghalk, 
deposited, no doubt, in a very deep sea, overlapped all, 
and abutted on the moimtains of Wales, and other of the 
old Oolitic islands, or perhaps quite covered them ; ex- 
tending still further to the west, this formation also 
covered part at least of what is now Ireland. To the 
south-east the Cretaceous seas were extensive; but at 
some places, aa at Aiz-larChapelle, the fossils indicate 
nearness of land* 

The great break in the succession of life between the 
Marine Oolitic and Cretaceous series cannot be won- 
dered at when we think of the long continental period 
which intervened between them, represented only in the 
most fragmentary manner by the great delta deposits of 
the Furbeck and Wealden. 



CHAPTER XVt 

0AIKO2OI0 OB TERTtABf FebIOD— EOGENE, MiOOSKE, AKD 

Flioosne Fobmations. 

161. Classification of the Tertiary Strata.— With the 
exception of a few Cretaceous foraminifera, not a single 
ipectes of animal or plant belonging to the Palaeozoic or 
Mesozoic rocks is found Hving now. tn strata newer 
than the Chalk the case is different ; a proportion of the 
species are identical with living ones, and this proportion 
steadily increases from the time of the Older Tertiary 
rocks tmtil now. The classification of Tertiary formations 
is based on this increase, the strata being divided into 
three groups, as follows : — 
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• J Older Pliocene (more recent), 



If 
tf 



>> 



95 species. 
50 
26 
Eocene ' (cUwn of recent things), 5 

The numbers give the approximate percentage of the 
maximum number of sheUs wHch are identical with 
living species: In the case of the Eocene^ it is doubtful 
if a single species of its shells is living now. 

Eocene Fobications. 

162. Eocene Strata. — ^The Chalk in the neighbourhood 
of London, and again in Hampshire and the Isle of Wight, 
is covered by the group of formations called Eocene, 
These formations appear to be conformable to the Chalk, 
so fSax as the lie of the sti^ta is concerned ; but that there 
is an immense interval between them is shown by the 
great break in the succession of life presently to be con- 
sidered. 

The Eocene strata in England are now confined to two 
synclinal hollows — ^ihe London basin and the Hampshire 
basin, the latter including the northern half of the Isle 
of Wight. Eocene strata occur in the district of Paris, 
forming the Paris basin, and in the Netherlands. 

SuooEssiON m England. 

Feet. 

Hempstead Beds, . . . 

Bembridge^Beds, . . . 

Osborne Beds, .... 

Headon Beds, .... 

IBagshot, Bracklesham, ) 
and Barton Beds, ( 
' London Clay, .... 
Plastic Clay ("Woolwich j 
and Beading Beds), | 

Thanet Sands, .... 

Thanet Sa/nds. — ^Idght-coloured sands occurring in the 

^ Gr. pUwrij more ; havnos, recent. 
■ Gr. meUmj less. 
* Gr. eo8, dawn. 



Upper, 



Middle, 



Lower, 



170^ 
115 
70 
200. 


Fluvio- 
Marine. 


1270 


Marine. 


480 


Marine. 


160 


Estoarine. 


90 


( Marine and 
/ Estuarine. 
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London basin, thickest in the east, and thinning away to 
the west Below these beds is a stratum of chalk flmts, 
indicating that the Chalk had suffered erosion before these 
beds were deposited. 

PIosHg Clay. — Clays and sands of yarions colours and 
shades. Eresh-water and marine shells occur alternately, 
showing them to be of an estuarine character. TJn- 
like the Thanet sands, these beds become thicker from 
east to west, being principally developed in the neigh- 
bourhood of Beading and in the Isle of Wight, where 
they repose directly on the Chalk. 

London Clay, — ^Brown and bluish clays, with sands, 
and bands of concretions called septa/riay &om which 
Boman cement is manufactured. The clay is largely 
used for brickmaking. Besides minine shells, fosdl ^te 
of palms, remains of crocodiles, turtles, and a large sea- 
snake, have been found in this formation. 

Middle Eocene, — The Bagshot series consist of uncon- 
solidated sands and clays. Only sparingly fossiliferous 
about Bagshot^ but at Bracklesham and Barton on the 
Hampshire coast, rich in fossU shells and other species 
of a tropical or sub-tropical character. The whole series 
are well seen in section in the Isle of Wight. On the 
Continent, strata of this age are extensively developed: 
they form\ large part of thf great mo«ntai/axis exTdl 
ing from the Pyrenees to India. The Middle Eocene is 
characterised by a large foraminifer named Nwm/mvMes^ 
which is so abundant in some places on the Continent as 
to form thick limestones of its calcareous coverings — the 
NimmmliUio Inmeatone, of which some of the Pyramids 
are bidlt. 

Upper Eocene or Flumo-Mwrine Series, — ^These are ab- 
sent from the London basin. They occupy the northern 
half of the Isle of Wight, and a district of about 
equal extent on the other side of the Solent. The 
Headon Beds consist of white and green marls and lime- 
stones. They are exhibited in section at Headon Hill 
and other places in the Isle of Wight, Of the three 



The Otbome Seriet (from Oabome, Isle of Wight) con- 
sists of sands and gritstoneB, with a bed of limestone 
qoorried for building pnrposeB. The shells are of freah- 
vater or brackish-v&ter species. The Bemiridga JBeda 
consist of marls, days, and limeatoaes, of fresh-'water, 
brackish, and marine origin. These refvesent the gypsom 
of Monteiartre, near Paris, in Trhich hare been found 
aboat fifty species o^ mammals, often entire, and in a fine 
state of presei-vation. The EempaUad Beda conaiBt of 
maris and sands, and lie npon the Bembridge Beds in 
the Isle of Wi^t The lower beds are carbonaceous 
especially the lowest one of all — the " Black Band." The . 
pWts resemble those of the succeeding Miocene age, 
and on this Bccx>nnt these beds are sometimes grouped 
with the Miocene fonnatlona. 
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Pb. VH, Fir 14). fig. lot. 

P/onortlt dfMHK ' UiitttM tontiiHola. fahuUiw arbiaHarit. 

Vst*' Eo«n<> Upper EocgiUk Uppu Eoouw. 

163. Eocene FossUg. — On comptuuig Eocene fossils 
wiUi those of the Chalk, we observe a very abrupt break 
in the Buooeseion of life ; not a single species is conuuoa 
to tiie two, and many of the characteristic Mesozoic 
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genera are quite unknown above the Chalk. Among 
' ' these maj be mentioned Gryphaea, Atmrumiies, BeletrmUet, 
Samites, and Scaq>kite» ; also Ichthyosa/urvs, PUiMStvuruB, 
Pterodactyhis, and their congenera. While the Mesozoio 
period is deservedly called the "Age of BeptdleB," the 
' .Tertimy period daiins to be the " Age of Mammab," 
- Plants. — Bemaing of tree-ferns, palme, cuBt(u:d apples, 
bread-fruit trees, gourds, melons, and other tropical jAanta, 
are found in the X<ondon clay. 

FoBAUiHiFERA. — Nwnmulites are very characteiistio 
of the Middle Eocene in England and on the Continent. 



3\s. lOB. Kg, 108. 

Middle EoMDB, London daj-. 

Fkesh-water Shells. — The conchifer Cyrena and (he 
gasteropoda Fhrwrbie, Faludina, and Limnea, are abun- 
dant in. the fresh-vater bedsi 



Fit lOT. Fig. loa. 

Uiildlg Eocaoe. Ulildls Bocena, 

Mabine Shells. — Conchifera — Gardium, Ca/rdita, 
Cryplodan, etc. ; Oasteropoda — Vohtta, Fttaus, EosteUtma, 
TurriuUa, etc, ; Cephalopoda — Nautilus centralis. 
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Fishes. — Teeth of Lcatma elegant, Olodug ohliquut, 
and others, abound m the Iiower Eocene. BemaJnB of 
the sword-fish and the eaw-fish have been found in the 
London Clay. 

Beptiles. — ^The iJondon Clay has yielded turtles, a 
large sea-snake, and a trae crocodile. Other species 
occur in the ijpper Eocene of England and the Con- 
tinent. 

MAiD£Aia — The pachyderms (thlck-sldnned) — Cory- 
phodmt, reeenibUng the living tapir, bnt larger, and 
Eyracotherium, ^lied to the hog ; an opossum and others 
in the London Clay, In the Upper Eocene of England 
and the Continent — Palceotherium, or "ancient beast," 
tapir-like, and about the size of a horse ; ATWplotAerium, 
or " hannlesa beast," a pachyderm with a long powerful 
tail; ChagropotamuB, or "river-hog;" Diehoirune, and 
othem 



Fig. 10fl.-i>ate(tt«rii 



164. CondltionB under which Via Eocene Strata were 
Deposited. — The great gap in the succession of life, in 
passing from the Chalk to t^e Eocene, indicates a long 
interval of time unrepresented by l^e deposition of strata. 
During this interval the Chalk must have been elevated, 
and have suffered denudation. Subsequently the south- 
west portion of England, together witii other districts, 
■were depressed, and became the seas and estuaries in 
which the Eocene deposits were made. The fresh-water 
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beds, remains of land plants, insects, and terrestrial 
maTmnalia, occurring more or less throughout the series, 
show the nearness of land ; and the prevalence of fresh- 
and brackish-water beds, both at the base of the series 
and at the upper part, seems to show that the whole 
series were deposited near the mouth of a considerable 
river, sometimes in the estuary, and sometimes — when a 
slight subsidence caused the spot to be further out at sea 
— in true sea-water, where only marine species could live. 
The palms, the crocodiles, turtles, shells, and other flora 
and fauna of the time, indicate ar tropical climate, prob- 
ably not unlike that of the East Indies at the present 
time. 

After the emergence of the Chalk, England must have 
been joined to the Continent. The proof lies in the 
remains of the large mammals which make their appear- 
ance in different parts of the English Eocene deposits, 
these ma.nmna.1s having evidently walked over here from 
the Continent. 

165. Disturbance and Denudation of Eocene Strata. — 

The synclinal curvature which the Eocene strata partake 
of, in common with the Chalk in the basins of London 
and Hampshire, shows that they have undergone disturb- 
ance since tib^depoaition. As these strata in the south- 
west of England are everywhere conformable to the 
Chalk, so far as dip is concerned, it is probable that in 
this district they completely covered the Chalk, but have 
since been denuded from the anticlinal between the two 
basins. That this was the case is attested by small out- 
liers of Eocene strata lying in this district. The original 
extension of the strata eastward is also proved by 
similar outlying patches, some of which occur near the 
extreme edge of the escarpment of the Chalk. 

The synclinal giving rise to the Hampshire basin has 
brought up the Eocene and Cretaceous strata sharply at 
the south, many of the sections in the Isle of Wight 
showing the beds " on edge." 

The anticlinal fold between the Eocene basins seems 
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to liaye culminated in the Wealden ai^ea, and here denu- 
dation has proceeded furthest, for not only have the 
Eocene and Cretaceous strata been stripped away, but 
the Wealden series have been exposed almost to the basa 

Miocene Formations. 

166. Miocene Strata. — On the Continent of Europe 
the Eocene series pass upwards without any stratigraphi- 
cal break into the series called Miocene. Miocene strata 
are largely developed in Europe and other parts of the 
world, but we have the merest trace of them in the 
Briti^ Isles. 

At Bovey Tracey in Devon, Miocene strata occur 
under an accumulation of modem peat, as beds of clay 
and sand interstratified with bands of lignite. The beds 
are altogether about 300 feet thick, and cover a space ten 
miles long by two wide. They contain fresh-water shells 
and many plants, the latter resembling the Miocene 
flora of the Continent. 

In the Isle of Mull, interstratifled with volcanic lavas 
and ashes, there occur beds of clay and lignite, some of 
the clays, known as the '^ Miocene Leaf Beds of Mull," 
yielding leaves of plants identified as of Miocene age. 

The Leaf Beds of Mull are important as fixing the 
geological date of extensive volcanic disturbances, which 
affected, not only Midi, but a great tract, embracing 
many of the Inner Hebrides, extending as far south as 
Antrim in Ireland, and norUiwards through the Faroe 
Isles to Iceland. All along this band the present islands 
appear to be the remnants of a succession of volcanic 
plateaux. The well-known basaltic rocks of Frngal's 
Cave and the Giant's Causeway are volcanic products of 
this period. 

Miocene rocks occur in the west and south of France ; 
also in Auvergne, in Central Prance; they are here 
partly marine and partly fresh-water. Miocene strata 
occur in Belgium, on a large scale in Switzerland, in the 
basin of Vienna, in the Alps, on the flanks of the Hima- 
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lajas, in the Sewalik Hills in India, in the United States, 
and other places. 

In Iceland, Spitzbergen, and Greenland, Miocene beds 
occur, containing species of fossil plants indicating a 
temperate climate. 

167. Miocene Fossils. — ^The flora is everywhere ex- 
ceedingly abimdant, very varied in character, and closely 
resembling that of iJie present day. It is remarkable that 
in Europe species of plants grew together, some of which 
have since migrated to Africa, some to Asia, and others 
to America, while some have remained and contributed 
to our present European flora. The plants and the 
ma.Tnma1ia are the most important fossils. 

Plants. — At Bovey Tracey, evergreen oaks, fig-trees, 
vines, laurels, palms, trees of the cinnamon tribe, wH- 
lows, beeches, and others. 

Mammalia. — Extinct genera — Deinotherivm, Chcero- 
potamus, and others. living genera— elephant^ rhino- 
ceros, hippopotamus, dolphin, opossum, girafle, deer, 
monkey, and many others. 

Many of the Miocene mammalia are interesting on 
account of their supplying "missing links," connecting 
jnsjij living genera whose relationship it were otherwise 
diflicult to trace. 

168. Conditions under which the Miocene Strata were 
Deposited. — Great Britain appears to have formed land 
in Miocene times, the deposits at Bovey Tracey having 
been made in a lake, and those at Mull accumulated in 
a marsh or shallow lake. Considerable portions of 
Southern Europe were beneath the sea, but other por- 
tions were continental, having many fresh-water lakes 
in which the Miocene fresh-water deposits were made. 
England, Iceland, and Greenland were all probably parts 
of this continent, judging from the similarity of their 
fossU plants. 

The climate of Europe at this time, as gathered from 
the flora and fauna, was sub-tropical. This applies also 
to the south of England. The evergreen shrubs and 
other plants of the Arctic regions also indicate a wann 
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climate^ which is difficult to account for, unless by astro- 
nomical theories. The Alps at this time were probably 
but partly elevated, and certainly not sufficiently lofty 
to chill the air of Central Europe as they do now. 

Pliocene Formations. 

169. Pliocene Stratae — ^These occur in England in a 
few insignificant patches on or near the coast of Norfolk 
and Suffolk. They rest in some places on the London 
Clay, but chiefly repose directly on the Chalk. These 
beds are locally known as the ^^Crag^" and are subdivided 
as follows : — 

Newer Pliocene, . Norwich Crag, . 20 feet. 

Older PUocene,. . |«^^Cr.g: l ^ l'. 

Coralline or White Crag. — ^This consists of sofb marly 
sands of a white colour, with occasional thin bands of 
limestone. It is rich in marine fossils, but true corals 
are rare ; the coral-like bodies it contains are in reality 
polyzoa. 

Bed Crag, — This consists of beds of sands and gravels 
coloured red by oxide of iron. The Coralline and Bed 
Crags usually He side by side, but in one or two places 
the Bed Crag Hes in hollows denuded in the Coralline. 
The Bed Crag, like the Coralline, is rich in marine fossils, 
among which are limpets and other shallow-water shells. 
At the base of the Bed Crag, where it rests on the 
Chalk, is a '^bone bed," or layer of phosphatio nodules, 
containiug in many cases the ear-bones of whales, teeth 
of sharks, and remains of large mammalia. A similar 
bed underlies the Coralline. 

Norwichy Ma/m/maliferou8y or Flumo-ma/rine Crcug. — 
This occurs in the neighbourhood of Norwich as small 
patches of sand, gravel, and loam, resting directly on the 
Chalk. It contains many marine fossils, and in addition 
twenty still Hviog species of land and fresh-water sheila 
At the base of this Crag is a bed called the " Stone 
Bed," which is composed of large unrolled chalk-flints 
mingled with the bones and teeth of large mammala 
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The Cragg snpplj useful materials for agricultui-tj 
purposeB, the loose shelly sands and marls being used for 
spreading over ground deficient in calcareous matter, 
and the phosphatic sodulca being ground for mauure. 

Pliocene strata occur roimd Antwerp in Belgium. 
They are here often consolidated, and cont^n many 
fossils, two-thirds of the species of which are the same 
as those of the Crag of Suffolk. 

TheSub-Appenines, or low hills between the Appeninea 
and the sea, are pMtly composed of Pliocene strata. 
Kearly half of Sicily is covered with strata of Newer 
Pliocene age, which is of great thickness, and ele- 
Tated in some places 3000 feet above the sea. The 
Pliocene shell beds at a height of 1200 feet along the 
flanks of Etna indicate the recent origin of this moun- 

170. Flioceae PobsUs. — In the English Pliocene forma- 
tions the per centage of fossil shells identical with living 
species is considerably in excess of the 
Miocene. In the Coralline Crag the 
per centage is about 82, in the B«d 
Crag 75, and in the Korwich Crag 
69. 

PoLYZOA, — Faseicularia (now ex-i 
tinct), and others, are common. I 

Marine Shells. — The hrachiopod ' 
Terebratula gramdia is characteristic, 
and so are the conchifers Pectwacuhis 
variabiUt, Asla/rU OTnalii, and Car- 
dita smUia. The gasteropoda Fn^ r«^utol^ir 
eofUrewius, or reversed whelt, Pur- 
dwra tetragona, and Valuta Zamherti, are very common 
in the Bod On^g. The genus Nautilus is represented by 
yauiHiig centralw. 

"MxwwiLiB — Keniains of the following have been found 
in the English Crag — viz., whale, elephaiU, rhinoceros, 
tapw, pig, horse, heair, hyofna, deer, heaver, and others ; 
together irith the extinct genera Mastodon (allied to 
elephant), and Bvppa/rion (allied to horse). 



171. Conditions, under which the PUooene strata were 
Deposited. — Great Britain does not give evidence of 
h&vlng BU&red nmch disturbance in the interval between 
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the Miocene and Pliocene periods. The Crags indicate 
that a portion of l>rorfolk and Suffolk vas below the sea 
at the commenoement of the Pliocene period, the Coralline 



funu contrarlxu. Valuta LambtrH. Purpura MroflMB. 

Crag bearing evidence of having been deposited in a 
moderately deep sea. As the Bed Crag lies unconform- 
ably upon the Coralline, the latter must have been, 
elevated, denuded, and again depressed, before the former 
was deposited. The littoral* shells and cross stratifica- 
tion of the Red Crag show it to be a shallow-water 
acconmlation ; while the fresh-water and la^d sheila 
mingled with tha marine species of the Norwich Crag 
^ Lat. Uffiu, Uttorit, a abore. 



PUOGENE STRATA. 139 

lead US to think it was deposited at the month of a river. 
Altogether the whole of the Crag formations resemble 
the deposits now forming in the German Ocean, and may 
be regarded as an elevated portion of the bed of that sea. 

The climate seems to have gradually grown colder 
during Pliocene times. We trace the change from the 
Coralline Crag, which, of 240 existing species of shells, 
contains 28 species now only found in southern latitudes, 
to the Norwich Crag, which has no southern species, but 
many northern. It is probable, therefore, that during 
the Pliocene period the climate of this country fell from 
one rather wanifier to one much colder th&n what we at 
present enjoy. 

Some large blocks of porphyry and chalk flint found 
in the Coralline and lied Crags, suggest that icebergs 
occasionally reached these islands and were stranded on 
its shores. 

It is generally thought that Great Britain was an 
island during the deposition of the Crag. It must^ how- 
ever, have been previously joined to the Continent, to 
allow of its becoming inhabited by new species of laxge 
mammalia^ the remains of which occur in Pliocene 
stratai 



CHAPTER XVn. 

Post-Pliooenb and Recent Periods — Glacial Epoch— The 
Boulder Clay — Glacial Drift— Valley Glaciers. 

172. Chillesford Bed8.--At Chillesford in Suffolk, 
stratifled deposits of yellow sands and clays occur which 
from their fossils are considered to be of more recent 
date than the Norwich Crag. The skeleton of a whale 
has been found in the upper laminated clay& The shells 
indicate a colder climate than thosQ of the Crags, no less 
than two-thirds of the number now inhabiting the shores 
of Greenland or other northern countries. 

173. Cromer Forest Bed. — ^This bed occurs at Cromer 
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and other places on the shores of Norfolk. It is best 
seen at low water, especially if a rough wind has previ- 
ously been blowing, when the sea will have removed the 
sand and mud from its surfaca Under £Etvourable cir-' 
cumstances the bed has been traced for forty miles along 
the coast. It consists chiefly of sandy clays, studded 
with roots and upright stumps of trees, and contains the 
remains of elephants and other mammalia. In the upper 
part of the bed are bands of lignite and fresh-water shells. 
The Forest Bed does not rest on the Crag, but its fossils 
are of newer type. The antiquity of the bed is evident 
from the great thickness of Boulder Clay (presently to 
be described) which rests upon it. 

Among the flora of the Forest Bed are the Scotch flr, 
pine, yew, oak, sloe, alder, and water-lily. At least 
twenty species of terrestrial mammalia occur, half of 
which are now extinct, while the rest still survive in 
Europe. Among others are foimd remains of three species 
of elephant, rhinoceros, hippopotamus, horse, an animal re- 
sembling the tiger, bison, four species of bear, six of deer 
(including the so-called Irish elk), beaver, and mouse. 

The large terrestrial mammalia of the Forest Bed in- 
dicate that at the time this bed formed land, England 
must have been joined to the Continent. 

174. The Glacial Epoch.^ — ^We have seen in the 
Pliocene strata evidence of a gradual change from a 
warm or mild climate to one much colder ; and in the 
Chillesford Beds this change had proceeded so far that 
the majority of the shells it contains are of Arctic species. 
The refrigeration continuing, the climate at length be- 
came very cold — so cold, in fact, that the summer's 
heat was not sufficient to melt the accumulated snows 
of winter; and much of Great Britain and Ireland, 
together with large continental areas in northern lati- 
tudes, were covered with extensive glaciers, and at one 
time, with a thick sheet of ice or ice-cap ; the climate 
and other conditions being much the same as those to 

1 Before reading this article the student should carefolly read 
ag^in articles 65 to 70. 
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whicli Oreenland is subject at the present time. This 
'^Glacial Epoch" has left inimmerable traces behind, 
which we shall examine in detail 

The Boulder Clay, — ^A great portion of Scotland, and 
also considerable portions of the north and east of Eng- 
land, are covered with a mass of unstratified clay con- 
taining angular blocks of stone of all sizes. Many of 
these blocks or boulders have one or more plane surfaces, 
as if they had been rubbed along without rolling, and 
these faces are also frequently grooved and striated like 
the moraine stones of a modem glacier. 

The Rocks vmder the Boulder Clay are generally smooth, 
with wavy outlines, like roches moutonnies, while they 
are scratched and furrowed like the beds of glaciers. 
The boulders can usually be shown to have been derived 
from rocks at no great distance, and the clay itself is 
generally tinged with the prevailing tint of the formation 
on whici it lies. "We have here abundant evidence of 
moving ice, the Boulder Clay, or " Till," as it is called 
in Scotland, being the moraine matter resulting from the 
abrasion of the rocks over which the ice moved 

Bounded Form of Mountains and Hills. — ^The general 
outline of the mountains of the Highlands of Scotland is 
remarkably rounded, and so are many of the mountains 
and hills of Wales and the north and east of England. 
These round-topped mountains, where the rocks are hard 
and durable, often exhibit striations and furrows, just 
like those of the valleys, showing that at one period not 
only were the valleys filled with ice, but the mountain- 
tops themselves were covered by it— that is to say, the 
whole country referred to was covered by a continuous 
sheet of ice, or ice-cap, so thick as to be able, by its 
weight and motion combined, to carve out deep valleys, 
and to grind off the rugged peaks of lofty mountains. 

From what has been said, we infer that the Boulder 
Clay, or Till, unlike ordinary moraine matter, was accu- 
mulated underneath the great ice covering, forming 
moraines prqfondes. Hence the great extent of this clay, 
and its even distribution over large plains. 
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Similar indications of gladation or ioe scalpture exist 
in Ireland, in the northern portion of Europe generally, 
and in North America. We have thus eyidenoe of the 
cold climate being very general in the northern hemi- 
sphere. In the southern hemisphere similar appearances 
are found, but the glaciation there may not be of the 
same age. ' 

Siibmersion of the Lamd — Hie Glacial Drifi, — The 
Boidder Clay in Scotland and in England is in many 
places covered by sands and gravels rudely stratified, and 
frequently containing maiine sheila These beds are 
found at considerable elevations above the sea. They 
have been observed at an elevation of 2000 feet upon the 
sides of the mountains of Wales, and sea-shells have 
been obtained from them at a height of 1400 feetw We 
have thus evidence of the land having been submerged 
below the sea after the aqpumulation of -the Boidder Clay. 

The '' Glacial Drifts" as this marine formation is called, 
contains many grooved and striated stones, and the whole 
formation appears to be the moraine matter of the glaciers 
which covered the islands formed by the high parts of 
Scotland, Cumberland, and Wales ; this moraine matter 
having been rudely stratified by the movements of the 
sea, while at the same time it was mingled with sand and 
searshella Some of the boulders are of considerable size, 
and lie scattered about in numerous places where the 
** dnft " is absent This suggests the agency of icebergs to 
carry and distribute the boulders and graveL The icebeigs 
may have been principally derived from the glaciers 
of Cumberland, Wales, and Scotland, while many from 
the north would doubtless reach the seas contiguous to 
these islands, and there deposit their rocky loads. Many 
of the boulders or " erratic blocks " scattered about the 
British islands are strangers, and appear for the most part 
to have been derived from the Scandinavian mountains. 

The southern part of Ibigland exhibits little or no 
trace of glaciation, and has no drift ; hence it is inferred 
that this district was not depressed during any part of 
the glacial epoch. 
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Hmergence qf the Lcmd. — ^The partial depression of the 
British axea was after a long time followed by a slow 
movement of elevation, which has continued more or less 
.until within recent times. The evidence is of various 
kinds. On the east and south coasts of England, and 
other parts of Great Britain, old sea-beaches occur, one 
below another, at considerable heights above the present 
searlevel ; this radicates a gradual elevation. In Wales 
we have evidence of the upheaval in the fact that the 
drift is absent from many low-lying valleys which it 
must have once filled, having evidently been ploughed 
out by the glaciers, which increased in size as the elevsr 
tion of the land proceeded. 

DecUne qf the Glaciers, — ^After the land had fairly 
emerged from the sea, the climate seems to have gradually 
become milder, and glaciers occupying the valleys of 
Wales, Cumberland, the Alps, and other places, gradually 
declined in size. Abundant proofs of the former exten- 
sion of Alpine glaciers exist, and we have similar evi- 
dence of the existence of glaciers in Wales, Cumberland, 
and other parts of Great Britain, in comparatively recent 
timea The rochea moutonnees, with striations and groov- 
ings, show glaciers to have existed in the valleys at some 
period; while perched blocks and actual moraines, at 
various heights up the valleys, show that glaciers existed 
since the emergence of the land, and gradually declined 
in size untU they disappeared. 

175. Fossils of the Drift. — Most of the shells are 
similar to those now living in the Arctic seas. The con- 
chifers Aatcvrte horeoMa, Leda oblonga, Cyprina lalandicay 
Cwrdiwm edvle (common cockle), and the gasteropods 
Scdla/ria Greerda/ndiea^ and DentoMv/m, enkUis are cha- 
racteristic species. 

£«mains of plants occasionally occur, and also bones 
of mammals such as the elephant, rhinoceros, and rein- 
deer. The occurrence of these indicate that at times the 
climate was sufficiently mild for them to migrate north- 
wards. 

176. Deposits newer than the Drift.— In many of our 
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river valleys there occur terraces at various heists 
above the present level of the river. The origin of 
these terraces has already been explained (76, 81). The 
gravels forming the terraces were deposited by the river 
when it flowed at higher levels. In these " high level 
gravels " are found the bones of animals now inhabiting 
this country, with others inhabiting other parts of the 
world, and some altogether extinct^ Among the mam- 
malia are the fox, wolf, hyaena, lion, reindeer, ox, bison, 
hippopotamus, pig, horse, two species of elephant, rabbity 
and squirrel 

It is in these deposits and others of similar age that 
we first meet with traces of man or his works. In river 
gravels, and also in several bone caves in this country, 
flint knives, hatchets, arrow-heads, and other works of 
man, are found with the bones of extinct animals such as 
the mammoth and cave bear. In Continental gravels 
and caves, not only the works of man, but his bones 
have been found side by side with those of the mammoth 
and other animals now extiQct. 

It is evident from the presence of the remains of these 
large mammalia in strata newer than the Drift, that 
Great Britain must have been united to the Continent 
since that period ; the plains over which these animals 
migrated to England, and also to Ireland, having subse- 
quently been destroyed by marine denudation smiilar to 
that which is now mope widely separatrog Great Britain 
from the Continent, and contractiDg its size. 

177. Recent Deposits are such as are accimiulating at 
the present time, as, for example, vegetable soil, peat, 
river gravels, deltas, searshore deposits, and coral reefs. 
These have already received attention in the earlier chap- 
ters, for before proceeding to the study of geological 
history, it was necessary that the operations of nature 
concerned in producing deposits going on under our direct 
observation should be first understood, seeing that it is 
from the study of these that we derive our chief means 
of investigating the rocky monuments of the past ages. 



QTTESTIONS. 

The qvsstions to which the dates a/re affixed are tahenfrom 
the JEooaminatian Papers of the Science and Art Be- 
pa/rtment. The others are from various sources, 

1. Define the chief scientific objects of Geology. (1872.) 

2. What is the form of the Earth! State its specific gravity 

as a wholes and the average specific gravity of the known 
rocks at or near the surface. (1869.) 
8. What is the difference between a rock and a mineral f (1865.) 

4. Explain what is meant by the " Crust of the Earth ? " (1869.) 

5. What is meant by the term stratified rocks f (1869.) 

6. How do angular stones get rounded into pebbles ? and what 

is a conglomerate f (1869.) 

7. What kind of rock is shale I (1870.) 

8. What are the differences between slate and shale f (1865.) 

9. How would you detect that a rock is Zt77ie9^(me f (1861.) 

10. What, in general terms, is the chemical composition of dolo- 

mite? (1872.) 

11. Give the names of three of the commonest aqueous rocks? 

(the names of geolo^cal formations are not meant). (1872.) 

12. State the principal difference between what are commonly 

called "bituminous'' and anthracite coals. (1872.) 

1 3. Classify the following stratified rocks according to their mineral 

composition : — sandstone, chalk, coal, clay, slate, oolite, 
dolomite, anthracite, marl, sand. 

14. To what class of rocks does gneiss belong ? (1872.) 

15. Explain the .terms stratified and unstratified as applied to 

rocks. 

16. Into what two great classes have rocks been divided ? How 

would you (in most cases) easily distinguish rocks of one of 
these classes from rocks of the other ? (1861. ) 

17. Name any one kind of rock that has been formed by the 

action of heat — ^that is to say, that has been melted, and 
afterwards become hard by cooling. (1872.) 

18. What kind of a rock is basalt? (1871.) 

19. How do you know that gi^eenstone is an igneous rock, and 

sandstone an aqueous rock ? 

20. Name the minerals which enter into the composition of granite. 

(1867.) 

21. Igneous rocks are frequently found interbedded with aqueous 

rocks. How are such occurrences accounted for ? 

22. Classify the following rocks under the two heads. Igneous and 

Aqueous : — sandstone, clay, granite, syenite, sand, pumice- 
stone, chalky greenstone, shale, conglomerate, basalt, lime- 
stone. 
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From wlience lias tlie material that forms stratified rocks been 
deriyedl (im.) 

24. By what wasting process is the leyel of the land gradually 

lowered I (1869.) 

25. What chemical agent is most active in promoting the disin- 

tegration of rocks, and how does it act f (1867. ) 

26. By what means are nndergronnd cayems and water-conrses 

made in limestone rocks I (1872.) 

27. Why is some water hard, and other water soft I (1872.) 

28. What is the special effect of rainfall in promoting the disin- 

tegration of limestone rocks ? (1878.) 

29. Describe a glacier, and state what marks are left by glaciers 

when they disappear I 

80. What is the cause of the motion of glaciers, and what effects 

do they prodnce on the rocks over which they pass I (1867. ) 

81. By what signs wonld you prove that elaciers once existed in a 

country where they are no longer £und ? (1878.) 

82. What are the geological effects now produced by icebergs! 

(1864.) 

83. Grains of sand when seen und^r the microscope appear smooth 

and not unlike miniature pebbles. How do you account 
for the smoothness of the grains ? 

84. Explain the part played by waterfalls in the erosion of 

ravines. 

85. Compare the action of water as a disintegrating agent in its 

solid and liquid states. 

86. Explain the geological meaning of the term demuUUiotu 

(1865.) 

87. How do yon account for the irregular form of ground — ^that is, 

the continued variety of hills, valleys, etc. I 

88. By what means have valleys been scooped out in solid rocks f 

(1878.) 

89. Draw a section, real or imaginary, showing what is meant by 

an outlier. (1862.) 

40. Explain by means of a diagram the effects of denudation in a 

country in which the rocks are contorted. (1867.) 

41. Describe the action of the sea on coasts. 

42. What are the general effects of marine denudation on the form 

of land! 

43. In what different ways do rivers transport to the sea the waste 

matter arising from the erosion of rocks f 

44. How does it happen that rivers contain various matters in 

chemical solution I and name some of the substances so 
found. (1865.) 

45. Explain the manner of the formation of river deltas. (1867.) 

46. Explain the action and effect of rivers in firomoting the de- 

gradation of a country, and in forming sedimentary deposits. 
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47. Bain falls on tlie land and finds its way to the sea. What 

geological effects does it produce on its road ? 

48. By what means has the material in stratified rocks been 

arranged, (1861.) 

49. Describe the action of carbonic acid on limestone rocks. In 

what form is carbonate of lime carried by rivers to the sea ? 
What becomes of the carbonate of lime which reaches the 
seal 

50. Of what kind of microscopic organic bodies is chalk, to a 

great extent, composed f (1870.) 

51. How do you know that chalk was formed at the bottom of the 

sea? (1872.) 

52. fiy what process haye thick strata of limestone, pure or nearly 

pure, been formed on old sea-bottoms, and are formed at 
the present day ? (1872.) 

53. Explain the mode of formation of stalactites and stalagmites. 

54. Of what materials has coal been formed f (1861.) 

55. Coal has been formed by the growth and decay of plants. 

Explain the process by which beds of vegetable matter 
became converted into the stony substance called coah 
(1870.) 

56. Wnat evidence is there that coal was once vegetable mat- 

ter! 

57. Give an example of an aqueous rock the material of which has 

been derived from piyviously existing rocks, and an example 
of one formed mainly of the hard parts of animals. 

58. Strata formed in the sea were originally soft and incoherent : 

by what means have they become consolidated ? (1867.) 

59. Trace backwards, as far as you can, the history of a consoli- 

dated stratum of sandstone or conglomerate ^ow forming 
dryland. 

60. What common proofs have been given to prove that the earth 

is heated in the interior (central heat) f (1867. ) 
61i What are the reasons that have induced many geologists to 
suppose that the outer part of the earth is a crust enclosing 
fluid matter? (1870). 

62. Explain the meaning of the term Crust of the Earth f (1871.) 

63. Describe a volcano, and mention some of the products thrown 

out by volcanoes. 

64. What is the cause of the cone-like form of most volcanoes ? 

(1869.) 

65. What is meant by an extinct volcano ? (1870.) 

66. If stratified rocks were originally deposited in horizontal 

layers under water, how do you account for such rocks 
frequently forming high hills at the present time, and even 
lofty mountains? (1872.) 

67. What conditions appear to be requisite for the existence of 
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reef-building corals? What are fringing reefs, barrier 
reefs, and atolls ? How are the last explained ? 

68. In what way do the existence of atolls and barrier reefs prove 

the depression of land ? 

69. What do you consider to be the origin of mountain chains ? 

70. What is meant by metamorphism ? How is it brought about f 

What changes does it produce on rocks f Give examples. 

71. Give a definition of the term ** cleavage " as applied to rocks, 

and explain its origin. (1868.) 

72. What is a lode? (1861.) 

73. By what processes do you suppose veins of quartz, calc-spar, 

ores ofmetals, etc., have been formed in]^des ? (1871. ) 

74. What is meant to be expressed by the colours on a geological 

map! (1870.) 

75. Explain by drawing or writing the terms dip and strike, and 

contorted strata. (1867.) 

76. Explain the words dyke, lode, joint, and cleavage, as applied 

to rocks. (1862.) 

77. What is a fault f (1861.) 

78. Explain the meaning of the terms dip, strike, fault, lode, and 

stratification. (1864.) 

79. Draw a section, either true or imaginary, showing contorted 

and horizontal strata with an outlier and a fault. (1865.) 

80. Explain by writing or drawing the term unconformable strati- 

fication. (1867.) 

81. Explain how unconformable stratification has been produced. 

(1862.) 

82. What is meant by a geological section f Draw sections illus- 

trating inclined sli^ta, unconformable strata, a fault, anti- 
clinal and synclinal curves. 

83. What is meant by the word fossil! (1871.) 

84. How have fossil shells become enclosed in rocks ? (1869.) 

85. What are fossils? Give some illustration of their use in 

geological investigation. (1867.) 

86. What are the characteristics of fresh-water strata ? 

87. Name one or two genera of fossQ shells by which you could 

prove that some strata were deposited in fresh water, 
(1871.) 

88. Why are land plants and other terrestrial productions as a 

general rule found more frequently in arenaceous and 
argillaceous than in calcareous rocks ? 

89. What is meant by the terms univalve shell, bivalve shell, 

Crustacea, and vertebrata ? (1869.) 

90. Explain by drawings the chief difierences in external form 

between the Bracniopoda and Conchifera. (1866.) 

91. Define the following terms used in geology : — igneoxis, bed, 

otUcrop, lode, fossil, dip, basin. 
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02. Define the following terms : — dyJce, crater^ anticlinal, aUt, 

trapf tufaf lava. 

03. Define the following: — strike, deavagCf stratified, outlier, 

schist, vesicular, moraine, escarpment, 

04. Define the following i— denudation, stalactite, unconformable, 

slate, vein, section, clinometer, porphyry. 

05. What proofs are there that rocks are of different ages ? (1867.) 

06. How would you prove stratified rocks to be of different ages 

toithout reference to the fossils they contain t (1870.) 

07. How would you infer geological periods to have been of long 

duration? (1867.) 

08. When of two formations one lies unconformably on the other, 

• what inferences do you draw from this with regard to the 
lapse of time f (1864.) 
00. What is the connection between unconformability in stratifi- 
cation and the succession of life in time ? 

100. What is meant by a geological "formation ?" (1872.) 

101. What is the meaning of the words Pal»ozoic, Mesozoic, and 

Cainozoic, as appued to formations and fossils? (1866.) 

102. Eocks are divided into Palceozoic (or Primary), Mesozoic (or 

Secondary), Cainozoic (or Tertiary) formations. To which 
divisions do the Old Red Sandstone and the New Bed 
Sandstone belong ? (1870). 

103. Construct a column showing the succession of the British 

Falasozoic formations, placing the oldest at the bottom and 
the latest at the top. (1871.) 

104. Kame the chief formations included in the Mesozoic or 

Secondary series. (1860.) 

105. Kame the oldest known formation, its lithological chai'acter, 

and the fossU it contains. (1860.) 

106. What was the nature and mode of growth of the fossil Eozoon 

Canadense of the Laurentian Bocks ? 

107. To what class of animals does a trilobite belong ? (1860.) 

108. Explain the leading features in the structure of a trilobite. 

(1866). 
100. What are the oldest fossiliferous rocks in Great Britain and 
Ireland ? Name some one fossil they contain. 

110. Name a few characteristics of Silurian strata by which you 

recognise them to be marine deposits. 

1 11. Name the formations in which graptolites are found. (1870.) 

112. In two formations belonging to the same series (Silurian, for 

example), what connection is there between unconforma- 
bility and more or less complete change of species ? 
(1864.) 

113. In what formation are fossil fish first found ? (1872). 

114. What are the principal crustaceans and chambered shells 

fpund in British strata older than the Devonian ? 
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115. Name Boreral genera of fishes found in the Old Red Sand-. 

stone. (1865.) 

116. The Old Bed Sandstone and the Devonian Rocks are nsnally 

considered to be of the same geological age. Is there any 
broad general distinction between their fossils I K so^ 
what is it? (1870.) 

117. Construct a column of the Carboniferous formations, placing 

the oldest at the bottom. (1867. ) 

118. Are the coal-producinff strata of the British Isles older or 

younger than the OkL Bed Sandstone I (1872. ) 

119. How does it happen that the coal-fields of the British Coal 

measures often lie in the form of basins f 

120. Explain why tiie coal-fields of Ireland are so small compared 

with those of Britein. (1864.) 

121. In what British formations do leaid ores chiefly occur f (1865.) 

122. Name any fossUs you remember found in the CkvrbvidftTfmt 

Limestons. (1871.) 

123. State some leading marine fossils by which you could dis- 

tinguish the Silurian from the Carboniferous formations 
ofBritain^ (1866.) 

124. Shells of the genus Nautilus occur in the Carboniferous Lime- 

stone : are there any shells of that kind liying now f 
(1870.) 

125. Name the formoHona in which trilobites have been found, 

and specify those in which they are fno8<num«r«nM. (1878.) 

126. In what formations do the genera Productus and Spirifera 

chiefly occur I (1870.) 

127. What land of plants are common in the Coal Measures I 

Name some of the eeuera. (1867.) 

128. What relation does tiie fossil commonly called SHgmaria 

heai to Sigillariaf (1865.) 

129. Can you name any one formation in which there are great 

numbers of fossil plants ? (1870.) 

130. State the manner in which coal occurs in the Coal Measures. 

(1868.) 

131. What theory has been inferred from the occurrence of under- 

day beneath most beds of coal of the Coal Measures I 
(1871.) 

132. How would you proTe that beds of coal generally lie on the 

surface on which the plants grew, from which the coal 
was formed? (1866.) 

133. Explain the nature of the plants of the Coal Measures, and 

how they were buried and turned into coaL 

134. Under what peculiar circumstances was the Magneaian Lime'- 

stone of the Permian strata deposited t (1 878. ) 

135. State the divisions of the New Red or Triassio series, and 

the position of rock-salt in that series, and its origin. 
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186. State one or more broad leading diatinctioni in the group- 

ing of the foasilB of the Palnezoic and Mesosoic (Secondary) 
rocks. (1867.) 

187. Giye examples of TaXMmoit gifiuara that became exHwi before 

the commencement of the Secondary period. (1872. ) 

138. How wonld you readily distingniBh Paueozoio and Sewndary 

mfwifM fwrnoAwM from each other by means of hi/valve 
BheUat (1866.) 

139. State one great distinction between Palieozoio fishes and 

those of hiter date. (1865.) 

140. In what British formation does the oldest known mammal 

occur, and what is its name I (1870.) 

141. What proofs are there of a long continental European epoch 

between the close of tiie Silurian period and the beginning 
of the Bhaetic Beds I 

142. Where does the Oolitic series occur in England I what are 

the principal formations which compose it f 
148. How would you proye that the Oolitic Ooal of Yorkshire is 
of different age from the coal of the CknU Meaaureaf 
(1862.) 

144. Name some genera of fossils common in the lias and Oolite. 

(1868.) 

145. What kind of fossil shell is an ammonite ? (1870.) 

146. State the general litholo^cal characters of the British Liassic 

and Oolitic strata, i^ame some of the genera of fosedl 
shells yexy common in these formations. 

147. Whether are the Pnrbeck and Wealden beds chiefly com- 

posed of strata formed in the eea, or of strata formed in 
fresh water f (1870.) 

148. What are the reasons for the belief that the Purbeck and 

Wealden strata were chiefly deposited in fresh water at 
the mouth of a river? (1867.) 

149. Are there any species of shells in common between the Oolitic 

rocks and the Chalk f (1868. ) 

150. To what order in the animal kingdom do Belemnites belong? 

In what formation are they most abundant ? (1872.) 

151. Is there any Chalk on the (Continent of Europe of later date 

than the British Chalk? If so, where does it lie, and 
what kinds of fossils does it contain difierent from those 
in Britain? (1870.) 

152. How do yon know that the Chalk was deposited at the 

bottom of ft sea ? (1872. ) 
158. Under what conditions do yon suppose the Chalk to haye 

been formed? (1871.) 
154. How may the occurrence of flints in Chalk be explained? 

In what part of the Cretaceous series in Brittin are flints 

found? 
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155. Name those fonnationa in which the remains of reptiles are 

moat nnmeroos. Name some of the reptiles. (1867.) 

156. In what formations are ammonites most common I (1871.) 

157. Name seyeral genera of Brachiopoda common in the Second- 

ary rocks. (1866.) 

1 58. Name some genera of Gephalopoda fonnd only in the Falieozoic 

rocks, anasome fonnd onl^ in the Secondary rocks. (1869. ) 

159. Name the principal formations of the En^Hsh Eocene rocks 

(Lower Tertiary), and state the eondUums under which 
they were formed. (1871.) 

160. Name any of the genera or apeeiee of fossils found in the 

oldest Tertiary or Eocene rocks. (1861.) 

161. Construct a column of the British JSocene formcUions, and 

distinguish the marine strata by a cross. (1878.) 

162. In what geological period do the remains of large land animals 

(mammalian quadrupeds) first appear in abundance I 
(1872.) 
163.. Name some geological formations in which fossil ferns are 
common. (1868.) 

164. What is the nature of the European fossil flora of Miocene 

age? (1870.) 

165. In what part of Britain are Miocene strata known, and what 

fossils do they contain that lead you to infer they are of 
Miocene age. (1869.) 

166. What kinds of fossils have been found in the rocks of the 

Sewdlik HiUs of India, and what is the geological age of 
these rocks! (1871.) 

167. What is meant by the terms Eocene, Miocene, and Pliocene f 

What deposits in the British Ides are generally referred to 
the second and third of these ? 

168. Do you know any formations that show evidence of cold 

climates ? if so, name them. (1867.) . 

169. What are the proofs of a very cold climate In the Northern 

Hemisphere in Post-Pliocene times ? 

170. Name some of the mammalia that lived fii the Northern 

Hemisphere during the Glacial Period. (1865.) 

171. How would you prove that Britain has beoiA united to the 

Gontiaent shortly before and immediately after the Glacial 
Period? (1870.) 

172. Name four genera of MoUusca tliat have becf me extinct since . 

Secondary times, and four that have live«l from Secondary 
times to the present day. (1865.) 

173. In what British formations have the remains of mammalia 

been found? (1867.) 

174. Name those formations in the Paleozoic, Secondary, and 

Tertiary strata of the British Islanc^s, in which marine 
fossils are numerous, (1866,) 
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175. Name the chief genera of nniyalve and hivalve shells found 
fossil in British fresh-water formations. (1864.) 

178. Name the fresh-water strata or formations in the British 
series of rocks. (1862.) 

177. Name idl the British formations the whole or part of which 

have been formed not in the open sea, hut at river mouths, 
and in inland lakes salt and fresh. 

178. Mention a living animal and a fossil belonging to each of the 

following classes : — Pisces, Crustacea, iLchiuodermata, 
Cephalopoda, Lamellibranchiata, Brachiopoda, and Acti- 
nozoa. 

179. Draw a section across any part of the country with which 

you are best acquainted, and describe it. (1872.) 



EXERCISES. 



I. From a collection of rocks and minerals select the following : — 
quartz, basalt, haematite, felspar, auglte, calc-spar, antlu-acite, 
and write a short description of each. 

II. Select : — sandstone, mica, oolite, gypsum, fluor spar, lignite, 
dolomite, eneiss, and describe as before. 

III. Select and describe : — conglomerate, shale, hornblende, 
quartzite, granite, clay slate, crystalline limestone, obsidian, and 
diorite. 

IV. Draw diagrams, Figs. 9 and 10, to twice the scale, and 
explain them in your own words. 

V. Draw dia^ams. Figs. 23, 25, and 26, to twice the scale, 
and eive an original description of each. 

yf. Separate a group of shells, coral, bones, and other parts of 
animals, into their proper classes. 

YII. Suppose a straight line to pass from Lowestoft to Aberyst- 
with, over what formations does it pass ? 

YIII. Across what formations does the 54th parallel of N. lati- 
tude pass in England and Ireland ? 

IX. What formations are passed over in going from London to 
Brighton! 

X. Trace the 52nd parallel of N. latitude in England or Ireland, 
and state over what formations it passes. 

XI. D^w one of the sections. Figs. 50, 51, to twice the scale. 

XII. Make out a table, in which arrange all the fossils men- 
tioned in this book, according to the classes of animals or plants 
to which they belong. 

XIII. On a large sheet of paper, make out a table of British 
strata, placing all the formations in one column (the oldest at the 
bottom) ; lithological characters, unconformities, etc., in a second 
column ; and the characteristic fossils in a third column. 

L 
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Acrodus, 110, US. 
Actinocrinus, 97. 
Age of Fishes, 89. 

„ Mammals, 181. 

„ Reptiles, 115. 
Aix-IarCliapeUe Bed«, 121 
Alabaster, 10. 
Alluvial deposits, 89. 
Ammonites, 114, 117. 
Amphitherium, 118. 
Ananchytet ovatiu, 126w 
Anodonta Jukesii, 89. 
AnoplOtheriumt 132. 
Anticlinal cuires, 33, 68. 
Anthracite, 11. 
Apiocriniu, 117. 
Aqaeoos roclu, characters of, 0. 

„ dassiflcation of, 21. 
Arenaceous rocks, 7. 
Argillaceous rocks, 8, 
Artesian wells, 49. 
Ashes, volcanic, 14, 17, 8& 
Astarte Omalii, 187. 
Agterolepis, 89. 
Atherfleld Glajr, 122. 
Atlantic, bottom of, 42, 123. 
Atmospheric denudation, 82. 

„ disintegrating agents, 22. 
Atolls, 55. 

Atrypa reticularis, 86. 
Avalanches, 25. 
AvictUa eonUnia, 110. 

Zone, 1101 
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Ba&idUes, 124, 125. 

Bagshot Beds, 128, 129. 

Bala Beds, 84. 

Barrier reefs, 55. 

Barton Beds, 128, 129. 

Basalt, 18. 

Bath Oolite, 111, 112. 

Beds of Passage, 110. 

BeUmnites, 114, 124, 125. 

Bembridge Beds, 128, ISO. 

Birds, remains of, 108, 118, 1261 

Bituminous coal, 11. 

Black band, 180. 

Bone Bed, 87, 110, 136. 

Boulder Clajr, 141. 

Bovej Tracey, Miocene beds of« 184. 






Brachiopoda, 86, 102, 114, 116, 124. 
Bracklesham Beds, 128, 129. 
Bradford Clay, 112. 
Breccia, 7. 

Brecciated Conglomerates, 104. 
British formations, table of, 76. 
„ strata, thickness of, 74. 
Bunter, 106. 

CalamUes, 98. 
Calcareous rocks, 9, 45. 
Calym^M BVwmenJtxuMA, 87. 
Cambrian Bocks, 80. 
„ fossils, 82. 
Cannel coal, 11. 
Canons of Colorado, 84. 
Carbonaceous roc)cs, 10. 
Carbonate of lime, 23. 
Carbonic add, action on rocks, 9, 23, 

Carboniferous rocks, 93. 

limestone, 98. 
fossils, 96. 
„ volcanic rocks, 95. 

Cardua planieosta, 131. 

„ 8€hili8, 137. 
Cardium Rhaetieum, 110. 
Caverns, formation of, 23. 
Cementing materials, 47. 
Central heat, 48. 
Cepfialaspis, 90. 
Cephahpoda, 87, 96, 114, 117, 125. 

„ Bed, 112. 

Ceratiles nodostLS, 107. 
Cerithium Portlandicum, 117. 
Cetioscmrus, 117, 118, 120. 
ChceropotamuSf 182, 135. 
Chalk, 10, 42. 

„ marl, 122. 
Change of spedes, 74. 
Chevroih&rium, footprints of, 108. 
Chemical changes in rocks, 47. 

„ disintegration, 22. 
Chemically formed rocks, 21, 44. 
Chemnitzia, 117. 
Chillesford Beds, 139. 
Chloritic series, 122. 
Cid<vris eoronata, 117. 
Classification of animals and plants, 

68. 
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ClAf, & 

Claj glato. 9. 
Claavage, 9, 69. 
Cliffs, 86. 
Clinometen, S3. 
Coal, 10, 4S. 

„ anthracite, 11, 44. 

„ bituminous, 11, 43. 

„ caking, 11. 

M cannel, 11. 

„ cherry, 11. 

„ spUnt, or hard, 11. 

„ brown, or lignite, 11. 

„ of Inferior Oolite, 112. 
Coal-beds, 94, 100. 
Coal-fields, 94. 
Coal Measures, 94. 

„ „ fossils of, 07. 

Coeeosteus, 90. 

Concbifera, 86, 102, 114, 116, 120, 125. 
Conformable stratification, (>5. 
Conglomerate, 7. 
Consolidation of strata, 40. 
Contemporaneous laya l>ods, 15. 
Coprolite bed, 123. 
Coralline Crag, 136. 
Corals, fossil, 86, 92, 9flL 
Coral islands, 42. 

„ polyps, 42. 

„ Ra«,lll,113. 

„ reefs, 42. 
Coi-nbrash, 111, 113. 
Ck)ryphodonf 132. 
Crag formations, 186. 
Crater, volcanic, 51. 
Cretaceous formations, 121. 
fossils, 124. 

strata, conditions under 
which deposited, 126. 
Crevasses, 27. 
Cromer Forest Bed, 140. 
Crustacea. 87, 89, 92, 07, 107, 120. 
Crust of the Earth, 8, 50. 
Cryptodon angulatum, 131. 
Crystalline limestone, 13. 
Cypris, 120. 
Cyrena, 131 ; C, dongata, 120. 

Dapedius, 115. 
Degrading agents, 22. 
Deinotheriumt 135. 
Deltas, 89. 
Denudation, atmospheric, 32. 

marine, 35, 37. 

of curved strata, 83. 
„ effects of, 32. 

Denuding agents, 22. 
Deposition of detritus, 39. 
Depression of land, 55. 
Devonian Roclcs, 01. 
«, fossils, 01. 
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DtcAo&ttfM, 188. 

Diorite, 20. 

Dip of strata, 62. 

Diptenu, 90. . 

Dirt Bed, 119. 

Disint^jating agents, S2. 

Dolerlte, la 

Dolomite, 10. 

Dolomitic Conglomerates, 106, 108. 

Drift, glacial, 142. 

Dykes, 15, 16. 

Earth, general stmcture of, 2. 

„ density of, 2. 

„ crust of, 8, 50. 

„ form of, 2. 

„ sixe of, 2. 
Eu*thquake8, 53. 

Bchinodermttta, 87, 97, 107, 114. 117, 
■ 126. 
Elevation and depression. 54. 

„ proved by coral reefs, 57. 
Encii-cling reefs, 56. 
Encrinital limestone. 42, 97. 
Encrinites, or stone lilies, 42, 117. 
Bncrinus liliformtM, 107. * 

Eocene strata, 128, 133. 
fossils, 130. 

conditions under widch de- 
posited, 132. 
Eozoon Canadente, 80. 
Erosive agents, 22. 
Escarpment, 32. 
Estheria minuta, 107. 
Estuarine deposits, 68. 
EuomphcUtu pentangvJatuSf 0€L 
Exogyra eolumba, 125. 
Ibctracrintu briareiM, 114. 

Falls of Niagara, 31. 
Farewell Bock, 93. 
FcucicularUn, 137. 
FauUs, 64. 
FavosUes cemcornts, 92. 

„ Oothlandica, 86. 
Fazoe Beds, 122, 124. 
Felspar, 4. 

FenesMla ret\formiSt 102. 
Fingal's Cave, 19, 134. 
Firestone, 128. 

Fish remains, 87, 89, 92, 07, 102. 116. 
Flagstones, 8. 
FliuU, 123. 
Flora and fauna, 73. 
Fluvio-marine series, 129. 
„ Crag, 136. 

Foliation, 12. 

Footprints, 67, 103, 107, 103. 
Foraminifera, 41. 123, 124, 13L 
Forest Marble, 111, 113. 
Formations, 75. 
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FofdUnttlon, 67. 
Fonili,6e. 
Fngmentuy rodu, 7. 
Fnsh-WAtcr deposits, 08. 

„ limestones, 46. 

,f shells, 181. 
Ftingiog reefs, 66. 
Frost, 24. 

ToUer's euih. 111, 111 
Funu enUrariMt, 187, 188. 

Gftlen*. 04. 

Oalerites, 129. 

Oatates, 121. 

Oaoges^ detritus carried hj, 88. 

,, delta of, 89. 
Gasteropoda, 87, 117, 120, 126. 
Gaolt, 122. 

Genera and species, 68. 
Jtoologr, objects of, 1. 
3eological time, 73. 
Slant's Ganseway, 19, 184. 
aiacial drift, 142. 

„ pericds, 91, 104, 140. 
Gladers, 26. , 

erosion bj, 28. 

signs left by old, 29. 

transport of matter by, 27. 
GneiH, 12. 
GOmer glacier, 28. 
Granite, 13, 20. 

„ decomposition of, 24. 
Granitic rocks, 20. 
€hrapMiU», 86, 86. 
Gravel, 7. 

Great Britain, general stmctore of, 77. 
Great Oolite, 111, 112. 
Greensand, 122. 
Greenstone, 30. 
Gritstone, 8. 

Orypfuta ineurva, 118, 114. 
Gypsum, 10. 44, 106l 
QyroUpii, 110. 

HaiyiiUs eaUnvXarU, 86u 
Hamitet, 126. 
Hampshire basin. 128. 
Hardening of rocks, 46. 
Hastings Sands, 119, 120. 
Headon Beds, 128, 129. 
Heat, central, 48. 
Hempstead Beds, 128, 180. 
Heterocercal tails, 105. 
Hipparion, 188. 

Hippodium ponderomm, 113, 114. 
Hohptychius, 00. . 
Homooercal tells, 106. 
Hornblende, 20. 
Hot springs, 49. 
Hnronian rocks, 81. 
Bybodw, 110, 11& 



HykBOiownu, 120. 
Hyraeotheriwmt 181 

Icebergs, 80. 

loe^p, 141, 141 

Ice sculpture, 141 

IdUhyo»aunu, 116, 117, 12& 

Igneous rocks, 18, 14, 17. 

Igtuinodon, 120, 124. 

Inferior Oolit^ 111, 111 

InflltraUon, 47. 

Insecte, fossU. 92, 99, 116. 

Interstrstified lavas and ashes, 14. 

Interrals, 74. 

IntrusiTe igneous rocks, 16, 16. 

Ironstone, 96. 

Isle of MuU Miocene beds, 184. 

Jet, 111 
Jointe, 64. 
Jurauic system. 111. 

Keuper, 106. 
Kimmeridge Qay, 111, 111 

Labyrinthodan, 108. 
Lacustrine deposite, 80. 
LamelUbranchUta, 86, 102, 114, 116, 

120, 125. 
Lamna etegans, 181 
Land plants, 85, 88. 
landscape Marble, 110. 
Landslips, 80, 86. 
Laurentian Bocks, 79. 

„ life, 80. 
Lava, 14, 17, 85, 90. 
Leaf Beds of Mull, 134. 
Lepidodendron, W. 
Lepidodrobus, W, 
liepidottu, 116. 
Lias and Oolite, 111. 
liassic fossils, 113. 
Lignite, 11, 43, 111 
Lima, 116, 125. 
Limestones, 10. 

„ fresh-water, 46. 

„ marine, 40. 
Limnea, 120, 131. 
Idngula Flags, 83. 
LingHMlaDavirii, 86. 
LUhottrotion bcualli/orme, 0& 
Uandeilo Beds, 84. 
Llandovery Beds, 84. 
Loam, 0. 
Lodes, 60. 
London basin, 128. 

„ aay, 128, 129. 
Longmynd, 81, 82. 
Lower Lias, 111, 111 
Ludlow Group, 86. 
I^rme Regis, 114. 
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BlaMtricht Beds, 12^ 124. 
Magnesian limestone, 10, 101. 
Munmalim fossU, 108, 118, 121, 185, 

188. 
Hammallferoiu Crag, 180. 
Hitpa And sections, 61. 
Marble, IS. 
Marine deposits, 68b 

„ denudation, 85, 87. 
Marl, 10. 
Marl slate, 102. 
Marlstone, 111, 111 
Ma-nwg^iM, 126. 
Mcutodon, 188. 
Bf echanical disintegration, S4. 
Mechanically formed rocks, 2L 
Magalodon eueuUatus, 92. 
Mer de Olace. 26. 
Mesocoic period, 105. 

„ Ufe, 105. 
Metamorphio rocks, 11. 
Metaniorpliism, 47, 58. 
Mica, 4. 
Mica schist, 12. 
Mieraster eor-anguinum, 128L 
MieroUstea anUquua, 108, 110. 
Millstone Grit. 93. 
Mineral, definition of, 8. 
Minerals, rock-form inc, 4. 
Mineral springs, 22, zj. 
Mines, temperature of, 48. 
Miocene strata, 128, 184. 
„ fossils, 135. 

„ conditions of deposition, 185. 
Missing links, 185. 
Modiola, 116. 
Montmartre Gypsum, 180. 
Moorland Coal of Yorkshire, 112. 
Moor Bock, 98. 
Moraines, 28. 

„ profdndes, 141. 
Moaoaaunu, 126. 
Mountain chains, 57. 

„ Limestone, 98b 
Mountains and hUls, 82. 
Mud, 8, 89. 
Mttschelkalk, 106. 

Natural Orders, 69. 

Naviilus. 125. N. eeniralit, 191, 

Needles, Isle of Wight, 87. 

Neocomian, 120, 122. 

Newropteri3, 98. 

NM, 26. 

Newer Pliocene, 128, 136. 

New Bed Sandstone, 106. 

„ Marl, 106. 
Nile, detritus carried bjr, 88. 

„ delta of, 89. 
Norwich Crag, 136L 
NummuliUa, 129. 






KwMMMUt kBHgaiiu, ItL 

ObsidUn, 18. 
Older l>]looene, 12^, 186. 
Oldest known mammal, 108. 
„ rooks, 78b 

„ Tertobnte^ 87. 

Oldhamia, 82. 
Old Bed Sandstone Books, 8a 

fossils. 88, 90. 
conditions of de- 
position, 90l 
Old sea-beachers, 68. 
Omphyma twirinatum, 86. 
OoUto, 10, 111. 
OoUtio rocks. 111. 

„ fossib, 116. 

„ conditions of deposition, 118. 
Organically formed rocks, 2L 
Oiganic siliceous deposits, 48. 
Original fluidity of the Earth, 5a 
Orihoceras annulaium, 87. 
Osborne Beds, 128, ISO. 
OttreaflabeUoidet, 116. 
OtoduB oiaiqwtts, 182. 
Outcrop, 62. 
Oxford Clay, 111, US. 

Palaeontology, 66. 

PaiaoiKerium, 182. 

PalsBosoic formations, 78. 

PalsBoxoio rooks and fossils, general 

nature of, 104. 
Paludina, 131. P. fiuviorum, 180. 
Paper Shales, 110. 
FaradojBtdes Davidis, 88. 
Passage Beds, 88. 
Peagrit, 10. 
Peat, 48. 
Pebbles, 7, 88. 
Peeopteris, 98. 
PeeUn 6-eottatua, 125. 
Peehintuhu variabilis, 187. 
Penstones, 86. 
Pentamerus Bads, 81 
Perched blocks, 29. 
Permian rocks, 101. 

„ fossils, 102. 

„ conditions of deposition, lOSL 
Petrifaction, 67. 
Petrifying springs, 45. 
Phaeop* caudattu, 87. 
Pha»oolotherivmf 118. 
Phosphatio nodules, 186. 
PAoIodomya/dtoiiIa, 117. 
Phifsa, 120. 
Pisolite, 10. 
Plagiaulax, 121. 
Plarwrbia, 181. 
Plante, fossil, 66, 85, 88, 02, 07, 98, 09, 

103, 107, 114, 116, 120, 131, 135. 
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Plastic C!Uf, 188, 189. 
PUHoaawnu, lU, 117, IW. 
Pleurotomaria ornato, 117* 
FUocene 8traU» 128, 180. 

,, fossils, 187. 

„ conditioxu of deposition, 188. 
Polyxoft. 102. 
Pompeii And Heronliuieiun, tioftvar 

tlons et, 18. 
Porphyritic gnmite, SO. 
Porphyry, 80. 
Portland OoUte, 111, 118» 117. 

„ stone, 118. 
Positions of rocks, 60. 
Potstones, 128. 

Pressure, effect of, on rocks, 46. 
ProdMUui gigoMtnu, 00. 
„ honidiu, 108. 
FierielUhyt,W. 
FUrodaetyhu, 115, 117, 12& 
Pteropoda, 87. 
Pterygatns angUau, 89. 
Paddingstone, 7* 
Pomice, 18b 
Porbeck Beds, 119. 

a, fossils, 120. 

„ conditions of depotltlon, 18L 

„ Marble, 110. 
Fwrpuira Utragona, 187, 188. 



Qaarts,4. 

Qoarts rock, or Qauisite, 18. 

Quicklime, 9. 

Beading Beds, 128. 

Becent deposits, 144. 

Bed Crag, 18a 

Begelatlon, 27. 

Beptilian remains, 99, 108, 107, 115, 

117, 120, 126. 
Bhaetic and Penarth Beds. 109. 
„ „ fossils, 110. 

Shyneonella, 116.. 
Bipple marks, 68. 
Birer gravels, 84. 
„ terraces, 84, 89. 
„ Talleys, 84. 
Bivers, origin of tortuous course of, 84. 
„ as transporting agents, 88. 
„ matters carried in suspension 

by, 88. 
„ fed by glaciers, 89. 
Roaui mowtonn^es, 29, 141. 
Bock, definition of, 8. 
Bocks, stralifled, 4. 
igneous, IS. 
ages of, 72. 
and minerals, 8, 
Book-forming minenJsL i. 
Bock-Mdtu 44, 106. 
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Bothliagende, 108. 

Running water, erosion by, 81. 

St Casslan Beds, 110. 
Sand, 7, 89. 
Sandstone, 8. 
Seaphites, 125. 
Schistose rooks, 69. 
Sehizodtu, 103. 
Sea-beaches, 89. 
Sea-breakers, 5, 89. 
Section across country south of Bala 
Lake, 88. 

Wenlock Edge, 84. 

Garboniferous lime- 
stone, Derbyshire, 04. 

Bristol Ooal-field« 06. 

The Weald of Kent, 1 20. 
Sediments of open ocean, 88. 
Septaria, 129. 
Seraphims, 89. 
Serpentine, 13. 
Sewalik Hills, 185. 
Shale, 9. 
Shingle, 7, 89. 
SigiUaria. 98. 

Siliceous deposits, organic, 48l 
Silurian fossils, 85. 
„ rocks, 83. 
Slate, 9. 

Slaty cleavage, 9, 69. 
Snow, 25. 
Snowdon, 85. 

Solenhofen lithographic stone, 118. 
Speeton Beds, 120, 121. 
^riferaatriatUBt 06. 
Stalactites, 45. 
Stalagmites, 46. 
SterMgnathua, 118. 
Stigmariaftcoides, 98. 
Stone bed, 137. 
Stonesfleld Slate. Ill, 118. 
Strata, contorted, 63. 
curved, 63. 

horizontal and inclined, 6L 
vertical and inverted, 62. 
Striation of rocks by glaciers, 28. 
Strike, 62. 

Str%ngocephaiu$ BurtinU 02. 
StrofJu>mena depressa, 36. 
Subaerial denudation, 32. 
Sulphate of lime, 44. 
Sulphide of lead. 04. 
Superposition of strata, 78. 
Swanage, Porbeck fossils at» 12L 
Syenite, 20. 

Synclinal Curves, 88, 63. 
Syringopora ratmUosaf 06. 

Temperature of mines, 48. 
TinbmMa, IIC, 124, 137. 






160 



INDEX. 



Terlbuy strata, dairiflcatton of, 127. 

Thanet Sandi, 128. 

Thunderbolts, 114. 

Tides, action of, 85. 

Till, 141. 

Toadstons, 15, 90. 

Traobyte, 18. 

Transportation of eroded material by 
rivers, 88. 

Trap rocks, 16. 

Trayertlue, 46. 

Tremadoc slates, 84. 

Triassic rocks, 105. 
„ fossils, 107. 

Trias, conditions nnder which de- 
posited, 108. 

Trigania eostoto, 110. 

Trilobites, 82, 87. 

Trinvideuijimbriatui, 87. 

Tripoli, 48. 

Tufa, 46. 

TurriUtet eofto^, 125. 

Underday, 100. 
Unio, 120. 

Upper Oreensaod, 122. 
Upper Lias, HI, 122. 

Veins, 15. 
Vertebrates, 02. 
Volcanic ashes, 14^ 17, 85, 00. 
„ glass, 18. 



Volcanic monntains, 18. 

„ rodu, 14, 17. 

„ „ CarboniferoQS, OS. 
Volcano, section through, 52. 
Volcanoes, 40, 61. 

,, extinct, 62. 

„ sabnuunne, 52L 
roMa ludaMx, 181. 
„ LamherH, 187, 188. 

Water as a geological agent, 6. 
„ hard, 28. 
„ solvent power of, 22. 
Waterfalls, 81. 
Waterstones, 106. 
Weald Clay, 110. 

Wealden and Pnrbeck formations, 110. 
Wealden series, 120. 

fossils, 120. 

conditions wider which de- 
posited, 121. 
Weald of Kent, 110, 120. 
Weathering of rocks, 25. 
Wenlock Edge, section across, 84. 
Wenlock Gronp, 84. 
White Chalk, 132, 128. 
White Crag, 188. 
White Lias, 110. 

Woolwich and Beading Beds, 128. 
Wychwood Forest, 118. 

Yoredale Bocks, 01 
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